
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
34

5 
48

6
A

1
*EP004345486A1*

(11) EP 4 345 486 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
03.04.2024 Bulletin 2024/14

(21) Application number: 23192150.3

(22) Date of filing: 18.08.2023

(51) International Patent Classification (IPC):
G01S 5/02 (2010.01) H04W 64/00 (2009.01)

(52) Cooperative Patent Classification (CPC): 
G01S 5/0244; H04W 64/006 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL 
NO PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA
Designated Validation States: 
KH MA MD TN

(30) Priority: 29.09.2022 US 202263411310 P

(71) Applicant: Nokia Technologies Oy
02610 Espoo (FI)

(72) Inventors:  
• CHA, Hyun-Su

Chicago (US)
• KEATING, Ryan

Chicago (US)

(74) Representative: Nokia EPO representatives
Nokia Technologies Oy 
Karakaari 7
02610 Espoo (FI)

(54) METHOD FOR DETERMINING POSITIONING INTEGRITY BASED ON SPEED OF LOCATION 
ESTIMATION

(57) There is provided an apparatus, and corre-
sponding method, configured to receive, from a network
element, an indication that a terminal device is to deter-
mine a current convergence speed of a positioning algo-
rithm used to determine a position result of the terminal
device; determine the position result of the terminal de-
vice using the positioning algorithm; determine the cur-
rent convergence speed of the positioning algorithm used

when determining the position result of the terminal de-
vice; determine a relative convergence speed of the po-
sitioning algorithm, based on the current convergence
speed; and indicate to the network element at least one
of: the relative convergence speed, at least one value
obtained based on the current convergence speed, an
integrity result of the determined position result, or the
determined position result of the terminal device.
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Description

TECHNICAL FIELD

[0001] The examples and non-limiting example em-
bodiments relate generally to communications and, more
particularly, to a method for determining positioning in-
tegrity based on speed of location estimation.

BACKGROUND

[0002] It is known to determine a position of a user
equipment within a communication network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The foregoing aspects and other features are
explained in the following description, taken in connec-
tion with the accompanying drawings.

FIG. 1 is a block diagram of one possible and non-
limiting system in which the example embodiments
may be practiced.

FIG. 2 shows an overall flow chart illustrating the
signaling aspects of the examples described herein.

FIG. 3 shows a performance trend depending on the
convergence speed of the location estimation algo-
rithm.

FIG. 4 is an example apparatus configured to imple-
ment the examples described herein.

FIG. 5 shows a representation of an example of non-
volatile memory media.

FIG. 6 is an example method implementing the ex-
amples described herein.

FIG. 7 is an example method implementing the ex-
amples described herein.

DETAILED DESCRIPTION OF EXAMPLE EMBODI-
MENTS

[0004] Turning to FIG. 1, this figure shows a block di-
agram of one possible and non-limiting example in which
the examples may be practiced. A user equipment (UE)
110, radio access network (RAN) node 170, and network
element(s) 190 are illustrated. In the example of FIG. 1,
the user equipment (UE) 110 is in wireless communica-
tion with a wireless network 100. A UE is a wireless device
that can access the wireless network 100. The UE 110
includes one or more processors 120, one or more mem-
ories 125, and one or more transceivers 130 intercon-
nected through one or more buses 127. Each of the one
or more transceivers 130 includes a receiver, Rx, 132

and a transmitter, Tx, 133. The one or more buses 127
may be address, data, or control buses, and may include
any interconnection mechanism, such as a series of lines
on a motherboard or integrated circuit, fiber optics or oth-
er optical communication equipment, and the like. The
one or more transceivers 130 are connected to one or
more antennas 128. The one or more memories 125 in-
clude computer program code 123. The UE 110 includes
a module 140, comprising one of or both parts 140-1
and/or 140-2, which may be implemented in a number
of ways. The module 140 may be implemented in hard-
ware as module 140-1, such as being implemented as
part of the one or more processors 120. The module
140-1 may be implemented also as an integrated circuit
or through other hardware such as a programmable gate
array. In another example, the module 140 may be im-
plemented as module 140-2, which is implemented as
computer program code 123 and is executed by the one
or more processors 120. For instance, the one or more
memories 125 and the computer program code 123 may
be configured to, with the one or more processors 120,
cause the user equipment 110 to perform one or more
of the operations as described herein. The UE 110 com-
municates with RAN node 170 via a wireless link 111.
[0005] The RAN node 170 in this example is a base
station that provides access for wireless devices such as
the UE 110 to the wireless network 100. The RAN node
170 may be, for example, a base station for 5G, also
called New Radio (NR). In 5G, the RAN node 170 may
be a NG-RAN node, which is defined as either a gNB or
an ng-eNB. A gNB is a node providing NR user plane
and control plane protocol terminations towards the UE,
and connected via the NG interface (such as connection
131) to a 5GC (such as, for example, the network ele-
ment(s) 190). The ng-eNB is a node providing E-UTRA
user plane and control plane protocol terminations to-
wards the UE, and connected via the NG interface (such
as connection 131) to the 5GC. The NG-RAN node may
include multiple gNBs, which may also include a central
unit (CU) (gNB-CU) 196 and distributed unit(s) (DUs)
(gNB-DUs), of which DU 195 is shown. Note that the DU
195 may include or be coupled to and control a radio unit
(RU). The gNB-CU 196 is a logical node hosting radio
resource control (RRC), SDAP and PDCP protocols of
the gNB or RRC and PDCP protocols of the en-gNB that
control the operation of one or more gNB-DUs. The gNB-
CU 196 terminates the F1 interface connected with the
gNB-DU 195. The F1 interface is illustrated as reference
198, although reference 198 also illustrates a link be-
tween remote elements of the RAN node 170 and cen-
tralized elements of the RAN node 170, such as between
the gNB-CU 196 and the gNB-DU 195. The gNB-DU 195
is a logical node hosting RLC, MAC and PHY layers of
the gNB or en-gNB, and its operation is partly controlled
by gNB-CU 196. One gNB-CU 196 supports one or mul-
tiple cells. One cell may be supported with one gNB-DU
195, or one cell may be supported/shared with multiple
DUs under RAN sharing. The gNB-DU 195 terminates
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the F1 interface 198 connected with the gNB-CU 196.
Note that the DU 195 is considered to include the trans-
ceiver 160, e.g., as part of a RU, but some examples of
this may have the transceiver 160 as part of a separate
RU, e.g., under control of and connected to the DU 195.
The RAN node 170 may also be an eNB (evolved NodeB)
base station, for LTE (long term evolution), or any other
suitable base station or node.
[0006] The RAN node 170 includes one or more proc-
essors 152, one or more memories 155, one or more
network interfaces (N/W I/F(s)) 161, and one or more
transceivers 160 interconnected through one or more
buses 157. Each of the one or more transceivers 160
includes a receiver, Rx, 162 and a transmitter, Tx, 163.
The one or more transceivers 160 are connected to one
or more antennas 158. The one or more memories 155
include computer program code 153. The CU 196 may
include the processor(s) 152, memory(ies) 155, and net-
work interfaces 161. Note that the DU 195 may also con-
tain its own memory/memories and processor(s), and/or
other hardware, but these are not shown.
[0007] The RAN node 170 includes a module 150,
comprising one of or both parts 150-1 and/or 150-2, which
may be implemented in a number of ways. The module
150 may be implemented in hardware as module 150-1,
such as being implemented as part of the one or more
processors 152. The module 150-1 may be implemented
also as an integrated circuit or through other hardware
such as a programmable gate array. In another example,
the module 150 may be implemented as module 150-2,
which is implemented as computer program code 153
and is executed by the one or more processors 152. For
instance, the one or more memories 155 and the com-
puter program code 153 are configured to, with the one
or more processors 152, cause the RAN node 170 to
perform one or more of the operations as described here-
in. Note that the functionality of the module 150 may be
distributed, such as being distributed between the DU
195 and the CU 196, or be implemented solely in the DU
195.
[0008] The one or more network interfaces 161 com-
municate over a network such as via the links 176 and
131. Two or more gNBs 170 may communicate using,
e.g., link 176. The link 176 may be wired or wireless or
both and may implement, for example, an Xn interface
for 5G, an X2 interface for LTE, or other suitable interface
for other standards.
[0009] The one or more buses 157 may be address,
data, or control buses, and may include any interconnec-
tion mechanism, such as a series of lines on a mother-
board or integrated circuit, fiber optics or other optical
communication equipment, wireless channels, and the
like. For example, the one or more transceivers 160 may
be implemented as a remote radio head (RRH) 195 for
LTE or a distributed unit (DU) 195 for gNB implementation
for 5G, with the other elements of the RAN node 170
possibly being physically in a different location from the
RRH/DU 195, and the one or more buses 157 could be

implemented in part as, for example, fiber optic cable or
other suitable network connection to connect the other
elements (e.g., a central unit (CU), gNB-CU 196) of the
RAN node 170 to the RRH/DU 195. Reference 198 also
indicates those suitable network link(s).
[0010] A RAN node / gNB can comprise one or more
TRPs to which the methods described herein may be
applied. FIG. 1 shows that the RAN node 170 comprises
two TRPs, TRP 51 and TRP 52. The RAN node 170 may
host or comprise other TRPs not shown in FIG. 1.
[0011] A relay node in NR is called an integrated ac-
cess and backhaul node. A mobile termination part of the
IAB node facilitates the backhaul (parent link) connec-
tion. In other words, it is the functionality which carries
UE functionalities. The distributed unit part of the IAB
node facilitates the so called access link (child link) con-
nections (i.e. for access link UEs, and backhaul for other
IAB nodes, in the case of multi-hop IAB). In other words,
it is responsible for certain base station functionalities.
The IAB scenario may follow the so called split architec-
ture, where the central unit hosts the higher layer proto-
cols to the UE and terminates the control plane and user
plane interfaces to the 5G core network.
[0012] It is noted that the description herein indicates
that "cells" perform functions, but it should be clear that
equipment which forms the cell may perform the func-
tions. The cell makes up part of a base station. That is,
there can be multiple cells per base station. For example,
there could be three cells for a single carrier frequency
and associated bandwidth, each cell covering one-third
of a 360 degree area so that the single base station’s
coverage area covers an approximate oval or circle. Fur-
thermore, each cell can correspond to a single carrier
and a base station may use multiple carriers. So if there
are three 120 degree cells per carrier and two carriers,
then the base station has a total of 6 cells.
[0013] The wireless network 100 may include a net-
work element or elements 190 that may include core net-
work functionality, and which provides connectivity via a
link or links 181 with a further network, such as a tele-
phone network and/or a data communications network
(e.g., the Internet). Such core network functionality for
5G may include location management functions (LMF(s))
and/or access and mobility management function(s)
(AMF(S)) and/or user plane functions (UPF(s)) and/or
session management function(s) (SMF(s)). Such core
network functionality for LTE may include MME (Mobility
Management Entity)/SGW (Serving Gateway) function-
ality. Such core network functionality may include SON
(self-organizing/optimizing network) functionality. These
are merely example functions that may be supported by
the network element(s) 190, and note that both 5G and
LTE functions might be supported. The RAN node 170
is coupled via a link 131 to the network element 190. The
link 131 may be implemented as, e.g., an NG interface
for 5G, or an S1 interface for LTE, or other suitable in-
terface for other standards. The network element 190
includes one or more processors 175, one or more mem-
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ories 171, and one or more network interfaces (N/W
I/F(s)) 180, interconnected through one or more buses
185. The one or more memories 171 include computer
program code 173. Computer program code 173 may
include SON and/or MRO functionality 172.
[0014] The wireless network 100 may implement net-
work virtualization, which is the process of combining
hardware and software network resources and network
functionality into a single, software-based administrative
entity, a virtual network. Network virtualization involves
platform virtualization, often combined with resource vir-
tualization. Network virtualization is categorized as either
external, combining many networks, or parts of networks,
into a virtual unit, or internal, providing network-like func-
tionality to software containers on a single system. Note
that the virtualized entities that result from the network
virtualization are still implemented, at some level, using
hardware such as processors 152 or 175 and memories
155 and 171, and also such virtualized entities create
technical effects.
[0015] The computer readable memories 125, 155,
and 171 may be of any type suitable to the local technical
environment and may be implemented using any suitable
data storage technology, such as semiconductor based
memory devices, flash memory, magnetic memory de-
vices and systems, optical memory devices and systems,
non-transitory memory, transitory memory, fixed memory
and removable memory. The computer readable mem-
ories 125, 155, and 171 may be means for performing
storage functions. The processors 120, 152, and 175
may be of any type suitable to the local technical envi-
ronment, and may include one or more of general pur-
pose computers, special purpose computers, microproc-
essors, digital signal processors (DSPs) and processors
based on a multi-core processor architecture, as non-
limiting examples. The processors 120, 152, and 175
may be means for performing functions, such as control-
ling the UE 110, RAN node 170, network element(s) 190,
and other functions as described herein.
[0016] In general, the various example embodiments
of the user equipment 110 can include, but are not limited
to, cellular telephones such as smart phones, tablets,
personal digital assistants (PDAs) having wireless com-
munication capabilities, portable computers having wire-
less communication capabilities, image capture devices
such as digital cameras having wireless communication
capabilities, gaming devices having wireless communi-
cation capabilities, music storage and playback applianc-
es having wireless communication capabilities, Internet
appliances permitting wireless Internet access and
browsing, tablets with wireless communication capabili-
ties, head mounted displays such as those that imple-
ment virtual/augmented/mixed reality, as well as portable
units or terminals that incorporate combinations of such
functions. The UE 110 can also be a vehicle such as a
car, or a UE mounted in a vehicle, a UAV such as e.g. a
drone, or a UE mounted in a UAV. The user equipment
110 may be terminal device, such as mobile phone, mo-

bile device, sensor device etc., the terminal device being
a device used by the user or not used by the user.
[0017] UE 110, RAN node 170, and/or network ele-
ment(s) 190, (and associated memories, computer pro-
gram code and modules) may be configured to imple-
ment (e.g. in part) the methods described herein, includ-
ing a method for determining positioning integrity based
on speed of location estimation. Thus, computer program
code 123, module 140-1, module 140-2, and other ele-
ments/features shown in FIG. 1 of UE 110 may implement
user equipment related aspects of the examples de-
scribed herein. Similarly, computer program code 153,
module 150-1, module 150-2, and other elements/fea-
tures shown in FIG. 1 of RAN node 170 may implement
gNB/TRP related aspects of the examples described
herein. Computer program code 173 and other ele-
ments/features shown in FIG. 1 of network element(s)
190 may be configured to implement network element
related aspects of the examples described herein.
[0018] Having thus introduced a suitable but non-lim-
iting technical context for the practice of the example em-
bodiments, the example embodiments are now de-
scribed with greater specificity.
[0019] The idea of the examples described herein is
to determine convergence speed of a positioning algo-
rithm. This could be realized by determining how many
iterations, using a certain positioning algorithm, are need-
ed to obtain a position estimate value. As the number of
iterations increases, the position estimate becomes more
likely more inaccurate. One reason for this could be that
the initial guess of the UE’s position, used as one input
to the algorithm, is closer to the true position in cases
where less iterations are needed and farther away in cas-
es where more iterations are required. In addition, in case
the initial guess on the UE location is too far away from
the true position, the positioning algorithm may not be
able to estimate the UE location even with many itera-
tions.
[0020] In one embodiment, the UE could report, rela-
tive to an average number of iterations (or similar), how
many iterations were used to determine the position es-
timate. This is an indication of a confidence level value
for the position estimate. Certain convergence speeds
could be mapped to certain confidence levels or intervals.
In another example, such confidence level or interval can
be directly indicated by the UE to the LMF.
[0021] A method includes receiving, from a network
element (LMF), an indication indicating the UE to deter-
mine convergence speed for a positioning algorithm used
in positioning of the UE; performing UE based positioning
by performing the positioning algorithm to obtain the po-
sitioning result and determining convergence speed as-
sociated with the obtained positioning result; indicating
the obtained positioning result to the LMF; and indicating
the associated convergence speed or at least one value
obtained using the associated convergence speed to the
LMF.
[0022] The associated convergence speed may be rel-
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ative convergence speed obtained based on conver-
gence speed of the positioning algorithm in obtaining the
positioning result and average convergence speed. The
average convergence speed may be determined by the
UE based on one or more previous positioning algorithm
convergence speeds. The average convergence speed
may be indicated by the LMF to the UE. The convergence
speed may be indicated by a number of positioning al-
gorithm iterations used in obtaining the prediction result.
[0023] The reason to use relative convergence speed
in an example embodiment is that actual convergence
speed may be proprietary information. So, in some ex-
amples a modality is that the UE indicates 0/1 if the po-
sitioning result is obtained with less or more iterations
than some average number. For example, 0 means the
low protection level or high integrity risk, while 1 means
the high protection level or low integrity risk. These
thresholds could be related to some value area. In an-
other example, a soft indication could be used to inform
different levels of protection or integrity risk, which could
use more bits (e.g. 0.1, 0.2,...1,...1.5, 2.0...}. The protec-
tion level is a real-time upper bound on the positioning
error at the required degree of confidence, where the
degree of confidence is determined by the target integrity
risk (TIR) probability. More specifically, the protection lev-
el is defined as follows: The PL is a statistical upper-
bound of the Positioning Error (PE) that ensures that, the
probability per unit of time of the true error being greater
than the Alert Limit (AL) and the PL being less than or
equal to the AL, for longer than the Time-to-Alert (TTA),
is less than the required TIR. AL is the maximum allow-
able positioning error such that the positioning system is
available for the intended application. If the positioning
error is beyond the AL, the positioning system should be
declared unavailable for the intended application to pre-
vent loss of positioning integrity. TTA is the maximum
allowable elapsed time from when the positioning error
exceeds the Alert Limit (AL) until the function providing
positioning integrity annunciates a corresponding alert.
[0024] The LMF may define an average speed, even
though the UE indicates the relative convergence speed.
The UE may also indicate the actual number of iterations
or a similar value. The LMF can define the average speed
to the UE when the LMF indicates the UE to use a specific
algorithm of location estimation. It may not be possible
for the LMF to indicate/configure a specific algorithm for
the UE. An embodiment is a "UE-based integrity mode
based on UE-based positioning". The UE does not dis-
close too much information related to the algorithm, and
the LMF does not clearly know the information.
[0025] Positioning integrity is a measure of the trust in
the accuracy of the position-related data and the ability
to provide timely warnings based on assistance data pro-
vided by the network. The focus in the NR Rel-17 work
was on GNSS integrity, and forRel-18 it is natural to ex-
tend this to address other positioning techniques as well
as there are relevant integrity aspects of mission critical
use cases that rely on positioning estimates and the cor-

responding uncertainty estimate. Integrity enables appli-
cations to make the correct decisions based on the re-
ported position, e.g., when monitoring a robotic arm to
decide whether its arm movement are within allowed lim-
its to ensure safety distances to humans and other ob-
jects. Thus, position integrity may at least implicitly indi-
cate whether the obtained position estimate or result
should be determined to be reliable or unreliable.
[0026] During the study on integrity for RAT-dependent
positioning techniques, there were identified error sourc-
es for positioning techniques, where the identified error
sources are measurement errors and assistance data
errors.
[0027] LMF stands for location management function.
LMF-based positioning integrity mode means that the
LMF determines integrity results such as protection level
of the horizontal positioning accuracy and vertical posi-
tioning accuracy, while UE-based positioning integrity
mode implies that the UE determines the integrity results.
[0028] DL-TDOA, UL-TDOA and multi-RTT position-
ing techniques utilize timing measurements and in the
end, the location estimation algorithm uses a triangula-
tion/trilateration method. For an unknown location/varia-
ble of the UE such as (x, y, z), equations can be derived
for timing measurements, but the equations are not linear
with respect to the variables, so the equations are line-
arized based on Taylor-series expansion. For a set of
equations from multiple measurements, the solution find-
ing is not trivial and there is no closed-form solution.
Based on an initial guess on a location of the target UE,
the algorithm needs to estimate the exact location
through iterative search.
[0029] However, the estimated location would be dif-
ferent depending on the initial guess on a location of the
target UE, even if the same measurements are inputs for
the algorithm. In case the initial guess is closer to the
true location, a better estimation can be observed. In case
the initial guess is way far from the true location, the lo-
cation estimation algorithm also shows that it does not
converge into a value, and sometimes the algorithm does
not find any solution. In addition, the location estimation
algorithm performance also depends on the GDoP (ge-
ometric dilution of precision) and/or TRP layout. When
the positioning performance is evaluated in the indoor
factory model, the accuracy of the non-convex UEs is
not good as much as that of the convex UEs. In addition
to the measurement errors and/or inherent information
error in the assistance data, the algorithm-specific issue
for the RAT-dependent integrity issue also needs to be
considered, and it has not been discussed.
[0030] to the following have been considered as error
sources: measurement error, TRP location error, inter-
TRP synchronization error, TRP/UE timing error, and
beam antenna information error for UE based integrity,
and it proposed to do modelling of the distribution of ToA
(Time of Arrival) and angle measurement error. It was
also suggested to model the ToA measurement error as
a Gaussian distribution for LoS (line of sight) and NLoS
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(non-line of sight) separately, and suggested introducing
the minimum TRP number for positioning integrity, and
the measurement can be seen as available if the avail-
able TRP number in the position solver equation is larger
than the minimum TRP number. When the UE/LMF is
determining the integrity result, the measurement error
and assistance data error are critical, but algorithm-spe-
cific error is also one of the main factors.
[0031] The examples described herein relate to a
method for the UE 110 to determine an integrity result
for the UE-based positioning integrity mode considering
an algorithm-specific method, which is a different ap-
proach than the measurement accuracy.
[0032] The UE receives the assistance data including
downlink PRS (positioning reference signals) and/or UL
SRS configuration information by the network in order to
estimate the UE location.
[0033] The LMF configures rule(s) to determine the in-
tegrity result such as horizontal protection level, vertical
protection level, and/or achievable target integrity risk,
where the rule is about the running time or convergence
speed of the localization algorithm. This might be highly
dependent on the UE implementation perspective. The
inventors have beneficially noticed that algorithm con-
vergence speed may be highly related to the location
estimate accuracy. That is, faster algorithm convergence
speed increases may be associated with more accurate
or reliable location (or position) estimate. In other words,
the integrity of location estimate may be deemed to be
better for a location estimate that is obtained with a faster
algorithm convergence speed than for a location estimate
that is obtained with a slower algorithm convergence
speed. Thus, the proposed solution enables the LMF to
determine which location estimates, provided by UE(s),
are more likely to meet one or more location accuracy
and/or reliability requirements, and/or the proposed so-
lution enables the LMF to determine the protection level
of positioning accuracy for a location estimate.
[0034] The LMF indicates to the UE to calculate the
"relative" convergence speed of the location estimation
algorithm compared to the average convergence speed
when it estimates a location of the target UE.
[0035] The UE calculates average convergence speed
of running algorithm when it estimates the location of the
UE. For example, the UE may use a LS(Least
Square)-based estimation algorithm as LS provides good
performance and does not demand high complexity.
[0036] UE-assisted positioning: throughout multiple lo-
cation estimation for many target UEs, the LMF can de-
cide the average convergence speed. In case that the
LMF and the UE use the same algorithm for the location
estimation, the LMF can provide the UE with the average
convergence speed. UE-assisted positioning is where
the positioning estimation is performed by the network.
The UE may measure reference signal(s) such as PRS
and provide measurement result(s) to the LMF or similar
network entity (e.g. location server). The LMF may de-
termine the UE’s location estimate based on the received

measurement result(s). Location herein may be referred
to also as position. Thus, the LMF may determine the
position of the UE (or can be referred to as position es-
timate).
[0037] UE-based positioning: The UE may also have
a local estimate of the average convergence speed of
the algorithm from prior location estimations. An embod-
iment of the examples described herein is the UE-based
positioning for UE-based integrity mode. For example,
"N" would be the average number of iterations of the LS
estimation algorithm (or in general for any given algo-
rithm). UE-based positioning is where the positioning es-
timation is performed by the UE itself. In this case, the
UE may determine the UE’s location estimate itself on
the basis of measuring reference signal(s), such as PRS.
Similarly as above, the UE may determine position of the
UE (or can be referred to as position estimate).
[0038] LMF-based integrity decision: The LMF indi-
cates or requests the UE to report the information on the
relative convergence speed for each location estimate,
and the LMF determines the integrity result from the re-
ported information. For example, the UE can be config-
ured to report one value of {0.5, 1, 1.5, 2, ... Y}. If the UE
reports "1", it means the estimator running time was equal
to the average running time. If the UE reports a very large
number such as Y, it could mean that the running algo-
rithm did not converge. Note that the location estimation
is basically based on an iterative algorithm as there is no
closed form solution.
[0039] UE-based integrity decision: The LMF indi-
cates or requests the UE to report integrity result such
as the horizontal protection level, vertical protection level,
and/or achievable target integrity risk based on config-
ured threshold(s) for the relative convergence speed of
the location estimation algorithm. For example, the LMF
configures a rule for reporting protection level based on
level of convergence speed compared to the average
convergence speed.
[0040] If the relative convergence speed of localization
estimation algorithm is between N x Z1 and N x Z2, for
variables Z1 and Z2, then the UE reports Y1 and Y2 for
the horizontal and the vertical protection level for varia-
bles Y1 and Y2. Y1 and Y2 may be meters, or they may
be percent about the estimated accuracy. For example,
the LMF and/or UE can consider 2N as the limit of pro-
tection level, as follows:

2 x N: The UE reports to the LMF that error exceeds
the protection level. It may mean that even if the UE
estimated the target UE location, it may not be able
to guarantee the accuracy of the estimated location.

0.5 x N: The UE reports to the LMF that error does
not exceed the protection level (protection level is
provided by LMF to the UE)

[0041] In another embodiment, the LMF provides a set
of relative convergence speed values and their associ-
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ated values of protection levels. For example, values for
the relative convergence speed can be {0.5, 1.00, 1.5,
2.00} and their associated horizontal protection levels
are {0.5 m, 1.0 m, 1.5 m, 2.0 m}. If a relative convergence
speed for a location estimation is 0.5, the UE may report
the horizontal protection level of 0.5 m.
[0042] The LMF requests UE to use the same stopping
criterion for the location estimation algorithm to estimate
the convergence speed. If the UE uses a different stop-
ping criterion for the algorithm, the UE should re-estimate
the average convergence speed.
[0043] In addition, the LMF can provide a stopping
criterion for the location estimation algorithm such that
|Xupdate(i) - Xupdate(i - 1)| ≤ threshold, where Xupdate(i) is
an estimated location (x,y,z) at the i-th iteration, and
Xupdate(i - 1) is an estimated location for coordinates
(x,y,z) at the (i-1)-th iteration. That is, it means the
estimated value at the previous iteration.
[0044] The LMF can indicate the UE to consider spe-
cific components when it derives integrity results such
as horizontal and vertical protection level. For example,
the LMF indicates UE 110 to include or exclude a
LoS/NLoS factor, a timing error of a specific TEG (Timing
Error Group), or a relative convergence speed of the lo-
cation estimation algorithm.
[0045] The UE may report the integrity results such as
horizontal and vertical protection level, and reports which
components it considered to derive the integrity results.
[0046] FIG. 2 provides an overall flow chart. At 210,
the UE 110, the LMF 202 and the gNB 170 provide in-
formation for positioning such as assistance data includ-
ing PRS. At 220, the LMF 202 transmits to the UE 110 a
criterion and parameters to determine an integrity result
from location estimation algorithm convergence speed.
At 230, the gNB 170 transmits PRS to the UE 110. At
240, the UE 110 computes the average convergence
speed of the estimation algorithm (e.g., the average
number of iterations) and computes the relative conver-
gence speed. At 250, the UE 110 determines integrity
results based on the provided mapping information be-
tween integrity results and the relative convergence
speed. At 260, the UE 110 reports to the LMF 202 the
requested integrity results. In some examples, the LMF
202 may form part of RAN node 170 (the gNB) or the one
or more network elements 190. For example, the LMF
202 transmits to the UE 110 a criterion such that the UE
110 should consider LoS indicators for 18 TRPs and rel-
ative convergence speed when the UE 110 determines
protection level of positioning accuracy. More specifical-
ly, the criterion includes that the UE should select TRPs
showing more than 0.8 of the LoS indicator, and it may
also include that in case the convergence speed of the
positioning algorithm to estimate the current location is
faster than the average to estimate the UE location, the
UE should determine the horizontal protection level as a
certain value such as 1 meter. As another example, if the
convergence speed of the current location estimation is
less than half of the average convergence speed, the UE

determines the horizontal protection level as 0.5 meter.
The criterion also includes information on the stopping
criterion on the location estimation algorithm. An example
criterion is that if the estimated location difference be-
tween at a certain iteration and the previous iteration of
the location estimation algorithm is less than a threshold
such as 10^(-3) (meters), the UE should stop the running
algorithm. The UE uses the provided threshold to esti-
mate location and compute the average and relative con-
vergence speed. It should be noted that when the UE
computes the relative convergence speed for the current
location estimation, the used threshold should be the
same as a previously used threshold to compute the av-
erage convergence speed. The criterion may additionally
include a specific number of positioning measurements
that should be used for location estimation, as the con-
vergence speed is different according to the number of
used measurements.
[0047] In some examples, it may not be necessary for
the UE 110 to report and/or determine the integrity result
to the LMF 202. Instead, the UE 110 may determine rel-
ative convergence speed and report the determined rel-
ative convergence speed to the LMF 202. For example,
relative convergence speed may be determined, by the
UE 110, based on average convergence speed and con-
vergence speed of the positioning algorithm used in de-
termining the current position. For instance, relative con-
vergence speed may indicate whether current conver-
gence speed is faster or slower than the average con-
vergence speed. For instance, the relative convergence
speed may indicate how much faster or slower the current
convergence speed is compared with the average con-
vergence speed.
[0048] LMF 202 may then determine based on the rel-
ative convergence speed how reliable the determined
position estimation of the UE 110 is. As an example, when
the relative convergence speed indicates that the con-
vergence speed in determining the position estimate is
lower than the average convergence speed, the LMF 202
may determine that the position estimate is reliable or at
least more reliable than a position estimate which is as-
sociated with relative convergence speed which indi-
cates that the convergence speed in determining the po-
sition estimate is higher than the average convergence
speed. It is also possible to utilize certain thresholds so
that when relative convergence speed indicates that the
current convergence speed is within a certain margin
from the average convergence speed, the LMF 202 may
determine that the associated position estimate is relia-
ble, and that when it is not within certain margin, the po-
sition estimate may be determined to be unreliable.
[0049] In a further example, the UE 110 may, instead
of or in addition to reporting the integrity result and/or
relative convergence speed to the LMF 202, report de-
termined convergence speed associated with the posi-
tion estimate or at least one value obtained based on the
determined convergence speed. In some examples,
such value may directly indicate determined conver-
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gence speed or it may indicate the relative convergence
speed. In a further example, the at least one value may
indicate a certain value range within which the deter-
mined convergence speed or the relative convergence
speed is. For instance, value 1 could indicate that con-
vergence speed is between A and B; value 2 could indi-
cate that convergence speed is between B and C; and
value 3 could indicate that convergence speed is be-
tween C and D. Similarly, in an example, value 1 may
indicate that relative convergence speed is lower than or
equal to average convergence speed + Y, wherein Y is
a margin (≥0) for average convergence speed; and value
2 may indicate that relative convergence speed is above
average convergence speed + Y. Thus, if value 1 is in-
dicated, LMF 202 may determine that the position esti-
mate is reliable and if value 2 is indicated, LMF 202 may
determine that the position estimate is unreliable. Differ-
ent values, ranges, and margins may be used. As noted
above, UE 110 may determine the value to report based
on e.g. the convergence speed or relative convergence
speed.
[0050] Different UEs (e.g., high end or low end) may
have different ability to run positioning algorithms with
different levels of complexity. So the UE may indicate to
the LMF as part of capability signaling the type of algo-
rithms it can run. For example, UE may report:

• Capability A1: High complexity, high speed algo-
rithms

• Capability A2: High complexity, low speed algo-
rithms

• Capability B1: Low complexity, high speed algo-
rithms

• Capability B2: Low complexity, low speed algorithms

[0051] To show the performance difference depending
on the convergence speed of the algorithm, FIG. 3 pro-
vides an evaluation result of positioning accuracy from
CP positioning. In particular, FIG. 3 shows the perform-
ance trend depending on the convergence speed of the
location estimation algorithm.
[0052] The commonly used method might be the LS
(least square) estimation algorithm including variation of
the LS estimation method from Chan’s method. Usually,
CP positioning provides better performance than what is
shown in FIG. 3, but FIG. 3 provides justification of the
proposal of the examples described herein rather than
the performance of CP positioning. For this purpose, the
stopping criterion is set on the location estimation algo-
rithm as |Xupdate(i) - Xupdate(i - 1)| ≤ 0.01. The maximum
number of iterations is set up as 500. To get a better
performance, a more strict threshold value such as 0.001
may be used rather than 0.01 and the maximum number
of iterations should be increased. However, it should be
noted that how much performance that could be achieved
is not the main embodiment of the examples described
herein.
[0053] The convergence speed is highly related to the

location estimation accuracy. In the simulation, the algo-
rithm used the maximum number of iterations (that is,
500) in most cases. For this case, this is considered as
the low convergence speed case, and the performance
is shown in plot 304.
[0054] On the other hand, there are cases where the
location estimation algorithm does not need the maxi-
mum number of iterations. That is, the estimation algo-
rithm stopped the iteration loop with less than 300. In this
case, plot 302 shows the accuracy performance. An in-
tuitive example to describe this result is that if the esti-
mation algorithm has a better initial guess, the conver-
gence speed is relatively fast.
[0055] In addition, the tail probability is critical for the
integrity result, as it would be the integrity risk. FIG. 4
shows that depending on the convergence speed, there
is a big difference on the integrity risk.
[0056] FIG. 4 is an example apparatus 400, which may
be implemented in hardware, configured to implement
the examples described herein. The apparatus 400 com-
prises at least one processor 402 (e.g. an FPGA and/or
CPU), at least one memory 404 including computer pro-
gram code 405, wherein the at least one memory 404
and the computer program code 405 are configured to,
with the at least one processor 402, cause the apparatus
400 to implement circuitry, a process, component, mod-
ule, or function (collectively control 406) to implement the
examples described herein, including a method for de-
termining positioning integrity based on speed of location
estimation. The memory 404 may be a non-transitory
memory, a transitory memory, a volatile memory (e.g.
RAM), or a non-volatile memory (e.g. ROM).
[0057] The apparatus 400 optionally includes a display
and/or I/O interface 408 that may be used to display as-
pects or a status of the methods described herein (e.g.,
as one of the methods is being performed or at a subse-
quent time), or to receive input from a user such as with
using a keypad, camera, touchscreen, touch area, mi-
crophone, biometric recognition, one or more sensors,
etc. The apparatus 400 includes one or more communi-
cation e.g. network (N/W) interfaces (I/F(s)) 410. The
communication I/F(s) 410 may be wired and/or wireless
and communicate over the Internet/other network(s) via
any communication technique. The communication I/F(s)
410 may comprise one or more transmitters and one or
more receivers. The communication I/F(s) 410 may com-
prise standard well-known components such as an am-
plifier, filter, frequency-converter, (de)modulator, and en-
coder/decoder circuitries and one or more antennas.
[0058] The apparatus 400 to implement the function-
ality of control 406 may be UE 110, RAN node 170 (e.g.
gNB), or network element(s) 190. Thus, processor 402
may correspond to processor(s) 120, processor(s) 152
and/or processor(s) 175, memory 404 may correspond
to memory(ies) 125, memory(ies) 155 and/or memo-
ry(ies) 171, computer program code 405 may correspond
to computer program code 123, module 140-1, module
140-2, and/or computer program code 153, module

13 14 



EP 4 345 486 A1

9

5

10

15

20

25

30

35

40

45

50

55

150-1, module 150-2, and/or computer program code
173, and communication I/F(s) 410 may correspond to
transceiver 130, antenna(s) 128, transceiver 160, anten-
na(s) 158, N/W I/F(s) 161, and/or N/W I/F(s) 180. Alter-
natively, apparatus 400 may not correspond to either of
UE 110, RAN node 170, or network element(s) 190, as
apparatus 400 may be part of a self-organizing/optimiz-
ing network (SON) node, such as in a cloud.
[0059] The apparatus 400 may also be distributed
throughout the network (e.g. 100) including within and
between apparatus 400 and any network element (such
as a network control element (NCE) 190 and/or the RAN
node 170 and/or the UE 110).
[0060] Interface 412 enables data communication be-
tween the various items of apparatus 400, as shown in
FIG. 4. For example, the interface 412 may be one or
more buses such as address, data, or control buses, and
may include any interconnection mechanism, such as a
series of lines on a motherboard or integrated circuit,
fiber optics or other optical communication equipment,
and the like. Computer program code 405, including con-
trol 406 may comprise object-oriented software config-
ured to pass data or messages between objects within
computer program code 405. The apparatus 400 need
not comprise each of the features mentioned, or may
comprise other features as well.
[0061] FIG. 5 shows a schematic representation of
non-volatile memory media 500a (e.g. computer disc
(CD) or digital versatile disc (DVD)) and 500b (e.g. uni-
versal serial bus (USB) memory stick) storing instructions
and/or parameters 502 which when executed by a proc-
essor allows the processor to perform one or more of the
steps of the methods described herein.
[0062] FIG. 6 is an example method 600 to implement
the example embodiments described herein. At 610, the
method includes receiving, from a network element, an
indication that a terminal device is to determine a current
convergence speed of a positioning algorithm used to
determine a position result of the terminal device. At 620,
the method includes determining the position result of
the terminal device using the positioning algorithm. At
630, the method includes determining the current con-
vergence speed of the positioning algorithm used when
determining the position result of the terminal device. At
640, the method includes determining a relative conver-
gence speed of the positioning algorithm, based on the
current convergence speed. At 650, the method includes
indicating to the network element at least one of: the rel-
ative convergence speed, at least one value obtained
based on the current convergence speed, an integrity
result of the determined position result, or the determined
position result of the terminal device. Method 600 may
be performed with UE 110.
[0063] In an example embodiment, the receiving step
610 is optional. That is, for example, the UE 110 may be
pre-configured to determine current or actual conver-
gence speed of the positioning algorithm, or the indica-
tion to determine current or actual convergence speed

could be received from some other network element. In
another example embodiment, the indication of step 610
is to indicate that the UE 110 is to determine the relative
convergence speed and/or the integrity result. Hence,
for example, it may indirectly indicate the UE 110 to de-
termine the current convergence speed, for example, to
determine the relative convergence speed. In an exam-
ple, the indication of step 610 may request the UE 110
to provide the relative convergence speed and/or the in-
tegrity result to the network (e.g. to LMF 202).
[0064] FIG. 7 is an example method 700 to implement
the example embodiments described herein. At 710, the
method includes indicating, to a terminal device, an in-
dication that the terminal device is to determine a current
convergence speed of a positioning algorithm used to
determine a position result of the terminal device. At 720,
the method includes transmitting, to the terminal device,
a positioning reference signal configuration or a sounding
reference signal configuration used to determine the po-
sition result of the terminal device. At 730, the method
includes receiving from the terminal device at least one
of: a relative convergence speed of the positioning algo-
rithm determined based on the current convergence
speed, at least one value obtained based on the current
convergence speed, an integrity result of the determined
position result, or the determined position result of the
terminal device. Method 700 may be performed with RAN
node 170, one or more network elements 190, or LMF
202.
[0065] In an example embodiment, the indicating (e.g.
transmitting) step 710 is optional. That is, for example,
the UE 110 may be pre-configured to determine current
or actual convergence speed of the positioning algorithm.
In another example embodiment, the indication of step
710 is to indicate to the UE 110 that the UE 110 is to
determine the relative convergence speed and/or the in-
tegrity result. Hence, for example, it may indirectly indi-
cate the UE 110 to determine the current convergence
speed, for example, to determine the relative conver-
gence speed. In an example, the indication of step 710
may request the UE 110 to provide the relative conver-
gence speed and/or the integrity result to the network
(e.g. to LMF 202).
[0066] The following examples are provided and de-
scribed herein.
[0067] Example 1. An apparatus includes at least one
processor; and at least one memory storing instructions
when executed by the at least one processor, cause the
apparatus at least to: receive, from a network element,
an indication that a terminal device is to determine a cur-
rent convergence speed of a positioning algorithm used
to determine a position result of the terminal device; de-
termine the position result of the terminal device using
the positioning algorithm; determine the current conver-
gence speed of the positioning algorithm used when de-
termining the position result of the terminal device; de-
termine a relative convergence speed of the positioning
algorithm, based on the current convergence speed; and
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indicate to the network element at least one of: the rela-
tive convergence speed, at least one value obtained
based on the current convergence speed, an integrity
result of the determined position result, or the determined
position result of the terminal device.
[0068] Example 2. The apparatus of example 1, where-
in the apparatus includes the terminal device.
[0069] Example 3. The apparatus of any of examples
1 to 2, wherein the apparatus is caused to: determine the
integrity result of the determined position result, at least
based on the current convergence speed of the position-
ing algorithm or the relative convergence speed of the
positioning algorithm.
[0070] Example 4. The apparatus of example 3, where-
in the apparatus is caused to: indicate, to the network
element, the determined integrity result of the determined
position result.
[0071] Example 5. The apparatus of any of examples
1 to 4, wherein the apparatus is further caused to: receive,
from the network element, at least one criterion used to
determine the integrity result of the determined position
result at least based on the current convergence speed
of the positioning algorithm or the relative convergence
speed of the positioning algorithm; determine the integrity
result of the determined position result, based on the at
least one criterion, and based on the current conver-
gence speed of the positioning algorithm or the relative
convergence speed of the positioning algorithm.
[0072] Example 6. The apparatus of example 5, where-
in the at least one criterion includes at least one of: line
of sight impact; non-line of sight impact; a timing error
group; or the relative convergence speed of the location
estimation algorithm.
[0073] Example 7. The apparatus of any of examples
1 to 6, wherein the current convergence speed of the
positioning algorithm includes: a number of iterations
used with the positioning algorithm to determine the po-
sition result of the terminal device; or a running time of
the positioning algorithm.
[0074] Example 8. The apparatus of any of examples
1 to 7, wherein the relative convergence speed is further
determined based on an average convergence speed of
the positioning algorithm.
[0075] Example 9. The apparatus of example 8, where-
in the apparatus is caused to: determine the average
convergence speed based on one or more previous po-
sitioning algorithm convergence speeds; or receive, from
the network element, the average convergence speed of
the positioning algorithm.
[0076] Example 10. The apparatus of any of examples
1 to 9, wherein the apparatus is caused to: determine,
based on the current convergence speed, a confidence
level associated with the determined position result or a
confidence interval associated with the determined po-
sition result.
[0077] Example 11. The apparatus of example 10,
wherein the apparatus is caused to: indicate, to the net-
work element, the confidence level or confidence interval.

[0078] Example 12. The apparatus of any of examples
1 to 11, wherein the integrity result of the determined
position result includes at least one of: a protection level,
the protection level including a horizontal protection level,
a vertical protection level, or an achievable target integrity
risk.
[0079] Example 13. The apparatus of example 12,
wherein the apparatus is caused to: receive, from the
network element, a mapping between the relative con-
vergence speed and the protection level; and indicate,
to the network element, the integrity result based on the
received mapping.
[0080] Example 14. The apparatus of any of examples
1 to 13, wherein the apparatus is further caused to: re-
ceive, from the network element, a stopping criterion for
the positioning algorithm; and determine the relative con-
vergence speed of the positioning algorithm, based on
the stopping criterion.
[0081] Example 15. The apparatus of any of examples
1 to 14, wherein the apparatus is caused to: indicate, to
the network element, a capability of the terminal device,
the capability including at least one of a complexity of the
positioning algorithm or a speed of the positioning algo-
rithm.
[0082] Example 16. The apparatus of any of examples
1 to 15, wherein the network element includes a location
management function.
[0083] Example 17. The apparatus of any of examples
1 to 16, wherein the relative convergence speed indicates
whether the current convergence speed is faster or slow-
er than an average convergence speed.
[0084] Example 18. The apparatus of any of examples
1 to 17, wherein the relative convergence speed indicates
how much faster or slower the current convergence
speed is compared with an average convergence speed.
[0085] Example 19. The apparatus of any of examples
1 to 18, wherein the apparatus is caused to: determine
that the position result is reliable when the relative con-
vergence speed indicates that the current convergence
speed in determining the position estimate is lower than
an average convergence speed; or determine that the
position result is more reliable than a position estimate
which is associated with relative convergence speed
which indicates that the current convergence speed in
determining the position estimate is higher than the av-
erage convergence speed.
[0086] Example 20. The apparatus of any of examples
1 to 19, wherein the apparatus is caused to: determine
that the position result is reliable when the relative con-
vergence speed indicates that the current convergence
speed is within a margin from an average convergence
speed; and determine that the position result is unreliable
when the relative convergence speed indicates that the
current convergence speed is not within the margin from
the average convergence speed.
[0087] Example 21. The apparatus of any of examples
1 to 20, wherein the at least one value includes the current
convergence speed.
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[0088] Example 22. The apparatus of any of examples
1 to 21, wherein the at least one value obtained based
on the current convergence speed includes: a range with-
in which the current convergence speed is; or a range
within which the relative convergence speed is.
[0089] Example 23. The apparatus of any of examples
1 to 22, wherein the at least one value includes a set of
values, wherein a value of the set of values is associated
with a range within which the current convergence speed
is or within which the relative convergence speed is.
[0090] Example 24. The apparatus of any of examples
1 to 23, wherein the at least one value includes a set of
values, wherein a first value of the set of values indicates
that the relative convergence speed is lower than or equal
to an average convergence speed added to a margin,
the margin being greater than or equal to zero, and
wherein a second value of the set of values indicates that
the relative convergence speed is greater than the aver-
age convergence speed added to the margin.
[0091] Example 25. The apparatus of example 24,
wherein the first value is configured to be used to deter-
mine that the position result is reliable, and the second
value is configured to be used to determine that the po-
sition result is unreliable.
[0092] Example 26. The apparatus of any of examples
1 to 25, wherein the position result is determined to be
reliable when the relative convergence speed is above
or below a threshold.
[0093] Example 27. The apparatus of any of examples
1 to 26, wherein the position result is determined to be
reliable when the current convergence speed is below a
threshold, or the position result is determined to be un-
reliable when the current convergence speed is above
the threshold.
[0094] Example 28. An apparatus includes at least one
processor; and at least one processor; and at least one
memory storing instructions when executed by the at
least one processor, cause the apparatus at least to: in-
dicate, to a terminal device, an indication that the terminal
device is to determine a current convergence speed of
a positioning algorithm used to determine a position re-
sult of the terminal device; transmit, to the terminal de-
vice, a positioning reference signal configuration or a
sounding reference signal configuration used to deter-
mine the position result of the terminal device; and re-
ceive from the terminal device at least one of: a relative
convergence speed of the positioning algorithm deter-
mined based on the current convergence speed, at least
one value obtained based on the current convergence
speed, an integrity result of the determined position re-
sult, or the determined position result of the terminal de-
vice.
[0095] Example 29. The apparatus of example 28,
wherein the apparatus is further caused to: indicate, to
the terminal device, at least one criterion used to deter-
mine the integrity result of the determined position result
at least based on the current convergence speed of the
positioning algorithm or the relative convergence speed

of the positioning algorithm; and receive, from the termi-
nal device, the integrity result of the position result de-
termined based on the at least one criterion and on the
current convergence speed of the positioning algorithm
or the relative convergence speed of the positioning al-
gorithm.
[0096] Example 30. The apparatus of example 29,
wherein the at least one criterion includes at least one
of: line of sight impact; non-line of sight impact; a timing
error group; or the relative convergence speed of the
location estimation algorithm.
[0097] Example 31. The apparatus of any of examples
28 to 30, wherein the apparatus is further caused to: de-
termine the integrity result of the determined position re-
sult, based on the relative convergence speed of the po-
sitioning algorithm, the current convergence speed of the
positioning algorithm, or the at least one value obtained
based on the current convergence speed.
[0098] Example 32. The apparatus of any of examples
28 to 31, wherein current convergence speed of the po-
sitioning algorithm includes: a number of iterations used
with the positioning algorithm to determine the position
result of the terminal device; or a running time of the
positioning algorithm.
[0099] Example 33. The apparatus of any of examples
28 to 32, wherein the relative convergence speed is de-
termined based on an average convergence speed of
the positioning algorithm.
[0100] Example 34. The apparatus of example 33,
wherein the apparatus is caused to: transmit, to the ter-
minal device, the average convergence speed of the po-
sitioning algorithm.
[0101] Example 35. The apparatus of any of examples
28 to 34, wherein the apparatus is caused to: receive,
from the terminal device, a confidence level associated
with the determined position result or a confidence inter-
val associated with the determined position result.
[0102] Example 36. The apparatus of any of examples
28 to 35, wherein the integrity result of the determined
position result includes at least one of: a protection level,
the protection level including a horizontal protection level,
a vertical protection level, or an achievable target integrity
risk.
[0103] Example 37. The apparatus of example 36,
wherein the apparatus is caused to: transmit, to the ter-
minal device, a mapping between the relative conver-
gence speed and the protection level; and receive, from
the terminal device, the integrity result based on the re-
ceived mapping.
[0104] Example 38. The apparatus of any of examples
28 to 37, wherein the apparatus is further caused to:
transmit, to the terminal device, a stopping criterion for
the positioning algorithm; and wherein the stopping cri-
terion is configured to be used to determine the relative
convergence speed of the positioning algorithm.
[0105] Example 39. The apparatus of any of examples
28 to 38, wherein the apparatus is caused to: receive,
from the terminal device, a capability of the terminal de-
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vice, the capability including at least one of a complexity
of the positioning algorithm or a speed of the positioning
algorithm.
[0106] Example 40. The apparatus of any of examples
28 to 39, wherein the apparatus includes a location man-
agement function.
[0107] Example 41. The apparatus of any of examples
28 to 40, wherein the relative convergence speed indi-
cates whether the current convergence speed is faster
or slower than an average convergence speed.
[0108] Example 42. The apparatus of any of examples
28 to 41, wherein the relative convergence speed indi-
cates how much faster or slower the current convergence
speed is compared with an average convergence speed.
[0109] Example 43. The apparatus of any of examples
28 to 42, wherein the apparatus is caused to: determine
that the position result is reliable when the relative con-
vergence speed indicates that the current convergence
speed in determining the position estimate is lower than
an average convergence speed; or determine that the
position result is more reliable than a position estimate
which is associated with relative convergence speed
which indicates that the current convergence speed in
determining the position estimate is higher than the av-
erage convergence speed.
[0110] Example 44. The apparatus of any of examples
28 to 43, wherein the apparatus is caused to: determine
that the position result is reliable when the relative con-
vergence speed indicates that the current convergence
speed is within a margin from an average convergence
speed; and determine that the position result is unreliable
when the relative convergence speed indicates that the
current convergence speed is not within the margin from
the average convergence speed.
[0111] Example 45. The apparatus of any of examples
28 to 44, wherein the at least one value includes the
current convergence speed.
[0112] Example 46. The apparatus of any of examples
28 to 45, wherein the at least one value obtained based
on the current convergence speed includes: a range with-
in which the current convergence speed is; or a range
within which the relative convergence speed is.
[0113] Example 47. The apparatus of any of examples
28 to 46, wherein the at least one value includes a set of
values, wherein a value of the set of values is associated
with a range within which the current convergence speed
is or within which the relative convergence speed is.
[0114] Example 48. The apparatus of any of examples
28 to 47, wherein the at least one value includes a set of
values, wherein a first value of the set of values indicates
that the relative convergence speed is lower than or equal
to an average convergence speed added to a margin,
the margin being greater than or equal to zero, and
wherein a second value of the set of values indicates that
the relative convergence speed is greater than the aver-
age convergence speed added to the margin.
[0115] Example 49. The apparatus of example 48,
wherein the first value is configured to be used to deter-

mine that the position result is reliable, and the second
value is configured to be used to determine that the po-
sition result is unreliable.
[0116] Example 50. The apparatus of any of examples
28 to 49, wherein the position result is determined to be
reliable when the relative convergence speed is above
or below a threshold.
[0117] Example 51. The apparatus of any of examples
28 to 50, wherein the position result is determined to be
reliable when the current convergence speed is below a
threshold, or the position result is determined to be un-
reliable when the current convergence speed is above
the threshold.
[0118] Example 52. The apparatus of example 1 or ex-
ample 28, wherein the at least one value includes a set
of values, wherein a first value of the set of values indi-
cates that the relative convergence speed is lower than
or equal to an average convergence speed, and wherein
a second value of the set of values indicates that the
relative convergence speed is greater than the average
convergence speed, wherein the first value is configured
to be used to determine that the position result is reliable,
and the second value is configured to be used to deter-
mine that the position result is unreliable.
[0119] Example 53. A method includes receiving, from
a network element, an indication that a terminal device
is to determine a current convergence speed of a posi-
tioning algorithm used to determine a position result of
the terminal device; determining the position result of the
terminal device using the positioning algorithm; deter-
mining the current convergence speed of the positioning
algorithm used when determining the position result of
the terminal device; determining a relative convergence
speed of the positioning algorithm, based on the current
convergence speed; and indicating to the network ele-
ment at least one of: the relative convergence speed, at
least one value obtained based on the current conver-
gence speed, an integrity result of the determined posi-
tion result, or the determined position result of the termi-
nal device.
[0120] Example 54. A method includes indicating, to a
terminal device, an indication that the terminal device is
to determine a current convergence speed of a position-
ing algorithm used to determine a position result of the
terminal device; transmitting, to the terminal device, a
positioning reference signal configuration or a sounding
reference signal configuration used to determine the po-
sition result of the terminal device; and receiving from
the terminal device at least one of: a relative convergence
speed of the positioning algorithm determined based on
the current convergence speed, at least one value ob-
tained based on the current convergence speed, an in-
tegrity result of the determined position result, or the de-
termined position result of the terminal device.
[0121] Example 55. An apparatus includes means for
receiving, from a network element, an indication that a
terminal device is to determine a current convergence
speed of a positioning algorithm used to determine a po-
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sition result of the terminal device; means for determining
the position result of the terminal device using the posi-
tioning algorithm; means for determining the current con-
vergence speed of the positioning algorithm used when
determining the position result of the terminal device;
means for determining a relative convergence speed of
the positioning algorithm, based on the current conver-
gence speed; and means for indicating to the network
element at least one of: the relative convergence speed,
at least one value obtained based on the current conver-
gence speed, an integrity result of the determined posi-
tion result, or the determined position result of the termi-
nal device.
[0122] Example 56. An apparatus includes means for
indicating, to a terminal device, an indication that the ter-
minal device is to determine a current convergence
speed of a positioning algorithm used to determine a po-
sition result of the terminal device; means for transmit-
ting, to the terminal device, a positioning reference signal
configuration or a sounding reference signal configura-
tion used to determine the position result of the terminal
device; and means for receiving from the terminal device
at least one of: a relative convergence speed of the po-
sitioning algorithm determined based on the current con-
vergence speed, at least one value obtained based on
the current convergence speed, an integrity result of the
determined position result, or the determined position re-
sult of the terminal device.
[0123] Example 57. A non-transitory program storage
device readable by a machine, tangibly embodying a pro-
gram of instructions executable with the machine for per-
forming operations, the operations including: receiving,
from a network element, an indication that a terminal de-
vice is to determine a current convergence speed of a
positioning algorithm used to determine a position result
of the terminal device; determining the position result of
the terminal device using the positioning algorithm; de-
termining the current convergence speed of the position-
ing algorithm used when determining the position result
of the terminal device; determining a relative conver-
gence speed of the positioning algorithm, based on the
current convergence speed; and indicating to the network
element at least one of: the relative convergence speed,
at least one value obtained based on the current conver-
gence speed, an integrity result of the determined posi-
tion result, or the determined position result of the termi-
nal device.
[0124] Example 58. A non-transitory program storage
device readable by a machine, tangibly embodying a pro-
gram of instructions executable with the machine for per-
forming operations, the operations including: indicating,
to a terminal device, an indication that the terminal device
is to determine a current convergence speed of a posi-
tioning algorithm used to determine a position result of
the terminal device; transmitting, to the terminal device,
a positioning reference signal configuration or a sounding
reference signal configuration used to determine the po-
sition result of the terminal device; and receiving from

the terminal device at least one of: a relative convergence
speed of the positioning algorithm determined based on
the current convergence speed, at least one value ob-
tained based on the current convergence speed, an in-
tegrity result of the determined position result, or the de-
termined position result of the terminal device.
[0125] Example 59. The apparatus of example 6,
wherein the apparatus is caused to: select at least one
transmission reception point having a line of sight impact
greater than a threshold, wherein the at least one trans-
mission reception point is used with the terminal device
to determine the position result or the integrity result of
the determined position result.
[0126] Example 60. The apparatus of example 30,
wherein at least one transmission reception point having
a line of sight impact greater than a threshold is selected
and used with the terminal device to determine the posi-
tion result or the integrity result of the determined position
result.
[0127] References to a ’computer’, ’processor’, etc.
should be understood to encompass not only computers
having different architectures such as single/multi-proc-
essor architectures and sequential or parallel architec-
tures but also specialized circuits such as field-program-
mable gate arrays (FPGAs), application specific circuits
(ASICs), signal processing devices and other processing
circuitry. References to computer program, instructions,
code etc. should be understood to encompass software
for a programmable processor or firmware such as, for
example, the programmable content of a hardware de-
vice whether instructions for a processor, or configuration
settings for a fixed-function device, gate array or pro-
grammable logic device etc.
[0128] The memory(ies) as described herein may be
implemented using any suitable data storage technology,
such as semiconductor based memory devices, flash
memory, magnetic memory devices and systems, optical
memory devices and systems, non-transitory memory,
transitory memory, fixed memory and removable mem-
ory. The memory(ies) may comprise a database for stor-
ing data.
[0129] As used herein, the term ’circuitry’ may refer to
the following: (a) hardware circuit implementations, such
as implementations in analog and/or digital circuitry, and
(b) combinations of circuits and software (and/or
firmware), such as (as applicable): (i) a combination of
processor(s) or (ii) portions of processor(s)/software in-
cluding digital signal processor(s), software, and mem-
ory(ies) that work together to cause an apparatus to per-
form various functions, and (c) circuits, such as a micro-
processor(s) or a portion of a microprocessor(s), that re-
quire software or firmware for operation, even if the soft-
ware or firmware is not physically present. As a further
example, as used herein, the term ’circuitry’ would also
cover an implementation of merely a processor (or mul-
tiple processors) or a portion of a processor and its (or
their) accompanying software and/or firmware. The term
’circuitry’ would also cover, for example and if applicable
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to the particular element, a baseband integrated circuit
or applications processor integrated circuit for a mobile
phone or a similar integrated circuit in a server, a cellular
network device, or another network device.
[0130] In the figures, arrows between individual blocks
represent operational couplings there-between as well
as the direction of data flows on those couplings.
[0131] It should be understood that the foregoing de-
scription is only illustrative. Various alternatives and mod-
ifications may be devised by those skilled in the art. For
example, features recited in the various dependent
claims could be combined with each other in any suitable
combination(s). In addition, features from different exam-
ple embodiments described above could be selectively
combined into a new example embodiment. Accordingly,
this description is intended to embrace all such alterna-
tives, modifications and variances which fall within the
scope of the appended claims.
[0132] The following acronyms and abbreviations that
may be found in the specification and/or the drawing fig-
ures are defined as follows (the abbreviations and acro-
nyms may be appended with each other or with other
characters using e.g. a dash, hyphen, or number):

3GPP third generation partnership project
4G fourth generation
5G fifth generation
5GC 5G core network
AL alert limit
AMF access and mobility management function
AoA angle of arrival
AoD angle of departure
ARP antenna reference point
ASIC application-specific integrated circuit
CDF cumulative distribution function
CP carrier-phase
CPU central processing unit
CU central unit or centralized unit
DL downlink
DSP digital signal processor
eNB evolved Node B (e.g., an LTE base station)
EN-DC E-UTRAN new radio - dual connectivity
en-gNB node providing NR user plane and control

plane protocol terminations towards the
UE, and acting as a secondary node in EN-
DC

E-UTRA evolved universal terrestrial radio access,
i.e., the LTE radio access technology

E-UTRAN E-UTRA network
F1 interface between the CU and the DU
FFS for further study
FPGA field-programmable gate array
GCS global coordinate system
GDoP geometric dilution of precision
gNB base station for 5G/NR, i.e., a node provid-

ing NR user plane and control plane pro-
tocol terminations towards the UE, and
connected via the NG interface to the 5GC

GNSS global navigation satellite system
IAB integrated access and backhaul
I/F interface
Info information
I/O input/output
LCS local coordinate system
LMF location management function
LoS line of sight
LPHAP low power high accuracy positioning
LS least square
LTE long term evolution (4G)
MAC medium access control
MME mobility management entity
MRO mobility robustness optimization
NCE network control element
NLoS non-line of sight
ng or NG new generation
ng-eNB new generation eNB
NG-RAN new generation radio access network
NR new radio (5G)
N/W network
PDA personal digital assistant
PDCP packet data convergence protocol
PE positioning error
PHY physical layer
PL protection level
PRS positioning reference signal
R1 RAN technical document
RAM random access memory
RAN radio access network
RAN1 radio layer 1
RAN2 radio layer 2
RAN4 radio layer 4
RAT radio access technology
RedCap reduced capability
Rel- release
RLC radio link control
ROM read-only memory
RP RAN meeting
RRC radio resource control (protocol)
RSTD reference signal time difference
RTD relative time difference
RTOA relative time of arrival
RTT round trip time
RU radio unit
Rx receiver or reception
SA system aspects
SA1 3GPP TSG SA WG1
SGW serving gateway
SID study item description
SMF session management function
SON self-organizing/optimizing network
SRS sounding reference signal
TDOA time difference of arrival
TEG timing error group
TIR target integrity risk
ToA time of arrival
TR technical report
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TRP transmission reception point
TS technical specification
TSG technical specification group
TTA time-to-alert
Tx transmitter or transmission
UAV unmanned aerial vehicle
UE user equipment (e.g., a wireless, typically

mobile device)
UL uplink
UPF user plane function
WG working group
X2 network interface between RAN nodes and

between RAN and the core network
Xn network interface between NG-RAN nodes
ZoA zenith angle of arrival

Claims

1. An apparatus comprising:

means for receiving, from a network element,
an indication that a terminal device is to deter-
mine a current convergence speed of a position-
ing algorithm used to determine a position result
of the terminal device;
means for determining the position result of the
terminal device using the positioning algorithm;
means for determining the current convergence
speed of the positioning algorithm used when
determining the position result of the terminal
device;
means for determining a relative convergence
speed of the positioning algorithm, based on the
current convergence speed; and
means for indicating to the network element at
least one of: the relative convergence speed, at
least one value obtained based on the current
convergence speed, an integrity result of the de-
termined position result, or the determined po-
sition result of the terminal device.

2. The apparatus of claim 1, wherein the apparatus
comprises the terminal device.

3. The apparatus of any of claims 1 to 2, wherein the
apparatus is configured to:
determine the integrity result of the determined po-
sition result, at least based on the current conver-
gence speed of the positioning algorithm or the rel-
ative convergence speed of the positioning algo-
rithm.

4. The apparatus of claim 3, wherein the apparatus is
configured to:
indicate, to the network element, the determined in-
tegrity result of the determined position result.

5. The apparatus of any of claims 1 to 4, wherein the
apparatus is configured to:

receive, from the network element, at least one
criterion used to determine the integrity result of
the determined position result at least based on
the current convergence speed of the position-
ing algorithm or the relative convergence speed
of the positioning algorithm;
determine the integrity result of the determined
position result, based on the at least one crite-
rion, and based on the current convergence
speed of the positioning algorithm or the relative
convergence speed of the positioning algorithm.

6. The apparatus of claim 5, wherein the at least one
criterion comprises at least one of:

line of sight impact;
non-line of sight impact;
a timing error group; or
the relative convergence speed of the location
estimation algorithm.

7. The apparatus of any of claims 1 to 6, wherein the
current convergence speed of the positioning algo-
rithm comprises:

a number of iterations used with the positioning
algorithm to determine the position result of the
terminal device; or
a running time of the positioning algorithm.

8. The apparatus of any of claims 1 to 7, wherein the
apparatus is configured to determine relative con-
vergence speed further based on an average con-
vergence speed of the positioning algorithm.

9. The apparatus of claim 8, wherein the apparatus is
configured to:

determine the average convergence speed
based on one or more previous positioning al-
gorithm convergence speeds; or
receive, from the network element, the average
convergence speed of the positioning algorithm.

10. The apparatus of any of claims 1 to 9, wherein the
apparatus is configured to:
determine, based on the current convergence
speed, a confidence level associated with the deter-
mined position result or a confidence interval asso-
ciated with the determined position result.

11. The apparatus of claim 10, wherein the apparatus is
configured to:
indicate, to the network element, the confidence level
or confidence interval.
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12. The apparatus of any of claims 1 to 11, wherein the
integrity result of the determined position result com-
prises at least one of: a protection level, the protec-
tion level comprising a horizontal protection level, a
vertical protection level, or an achievable target in-
tegrity risk.

13. An apparatus comprising:

means for indicating, to a terminal device, an
indication that the terminal device is to deter-
mine a current convergence speed of a position-
ing algorithm used to determine a position result
of the terminal device;
means for transmitting, to the terminal device, a
positioning reference signal configuration or a
sounding reference signal configuration used to
determine the position result of the terminal de-
vice; and
means for receiving from the terminal device at
least one of: a relative convergence speed of
the positioning algorithm determined based on
the current convergence speed, at least one val-
ue obtained based on the current convergence
speed, an integrity result of the determined po-
sition result, or the determined position result of
the terminal device.

14. A method comprising:

receiving, from a network element, an indication
that a terminal device is to determine a current
convergence speed of a positioning algorithm
used to determine a position result of the termi-
nal device;
determining the position result of the terminal
device using the positioning algorithm;
determining the current convergence speed of
the positioning algorithm used when determin-
ing the position result of the terminal device;
determining a relative convergence speed of the
positioning algorithm, based on the current con-
vergence speed; and
indicating to the network element at least one
of: the relative convergence speed, at least one
value obtained based on the current conver-
gence speed, an integrity result of the deter-
mined position result, or the determined position
result of the terminal device.

15. A method comprising:

indicating, to a terminal device, an indication that
the terminal device is to determine a current con-
vergence speed of a positioning algorithm used
to determine a position result of the terminal de-
vice;
transmitting, to the terminal device, a positioning

reference signal configuration or a sounding ref-
erence signal configuration used to determine
the position result of the terminal device; and
receiving from the terminal device at least one
of: a relative convergence speed of the position-
ing algorithm determined based on the current
convergence speed, at least one value obtained
based on the current convergence speed, an
integrity result of the determined position result,
or the determined position result of the terminal
device.
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