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METHOD FOR POSITIONING STATE INFORMATION REPORT

This document is directed generally to wireless communications.

FIG. 1 illustrates the basic principle procedures involved in positioning systems,
positioning measurements and position estimate, which will be briefly outlined in the following.

The DL PRS (downlink positioning reference signal) and measurement request are
configured by the core network entity, i.e. Location Management Function (LMF) which is
transmitted to UE (user equipment) and transparent to the serving positioning node.

The serving positioning node and neighbor positioning nodes will also be informed
about the DL PRS configuration, which should be transmitted by corresponding positioning nodes.

Subsequently, the UE receives DL PRS(s) as configured by LMF.

The UE then transmits UL RS(s) as configured by the serving positioning node.

Next, the UE conducts position estimation and/or measurement results based on
reference signals.

Finally, the UE reports the position estimation and/or measurement results to the core
network entity, which is transparent to the serving positioning node.

However, there are some disadvantages in the current design of the positioning state
information report. For example, frequent signaling interaction between UE and LMF, large
latency for the positioning information report and/or that the UE can only report position
estimation or measurement results to the core network entity.

In general, this document relates to methods, systems, and devices for positioning state
information report.

This document relates to methods, systems, and devices for reporting positioning state
information, and in particularly to methods, systems, and devices for reporting positioning state
information in a physical uplink channel.

The present disclosure relates to a wireless communication method for use in a wireless
terminal, the wireless communication method comprising:

transmitting, to a wireless network node, positioning state information in a physical

uplink channel.
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Various embodiments may preferably implement the following features:

Preferably, the physical uplink channel comprises at least one of a physical uplink
control channel or a physical uplink shared channel, and the positioning state information
comprises at least one of’

a latitude of the wireless terminal,

a longitude of the wireless terminal,

an altitude of the wireless terminal,

an uncertainty region of the wireless terminal,

a confidence level of the uncertainty region,

a relative position between the wireless terminal and a reference point,

a horizontal velocity of the wireless terminal,

a vertical velocity of the wireless terminal, or

an uncertainty of a velocity associated to at least one of the horizontal velocity or the
vertical velocity.

Preferably, the physical uplink channel comprises a physical uplink shared channel and
the positioning state information comprises a positioning state information report comprising
measurement results.

Preferably, the measurement results are associated with at least one of a main
positioning measurement or at least one additional positioning measurement.

Preferably, the measurement results associated with the main positioning measurement
or the at least one additional positioning measurement comprises at least one of:

positioning node identification information, associated with at least one position node of
the corresponding positioning measurement,

reference signal index information, associated with at least one reference signal used for
the corresponding positioning measurement,

a time stamp of the corresponding positioning measurement,

positioning measurement information, comprising at least one of a downlink positioning
reference signal reference signal received power, a downlink reference signal time difference, or a
user equipment reception-transmission time difference,

a measurement quality of the corresponding positioning measurement,
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additional path information, associated with at least one additional path of receiving the
at least one reference signal used for the corresponding positioning measurement, or

beam information, associated with at least one beam of receiving the at least one
reference signal used for the corresponding positioning measurement.

Preferably, the positioning state information report comprises: a first part, with a fixed
bit width and comprising an indication of report contents comprised in the positioning state
information report, and a second part, comprising at least one sub-part in which the measurement
results of at least one of the main positioning measurement or at least one additional positioning
measurement are comprised.

Preferably, the indication of the report contents comprises at least one of:

the number of position nodes associated with the positioning state information report,

the number of additional paths associated with the positioning state information report,

the number of the at least one additional measurement,

an indication of whether the positioning state information report comprises
measurement quality,

an indication of whether the positioning state information report comprises a time stamp
associated with the positioning state information report, or

an indication of whether the positioning state information report comprises reception
beam information.

Preferably, the wireless communication method further comprises:

receiving, from the wireless network node, a signaling of triggering reporting the
positioning state information, and

stopping or deprioritizing processing channel state information.

Preferably, the wireless communication method further comprises configuring
processing resources of the wireless terminal based on a configuration of reporting the positioning
state information, wherein the configuration comprises at least one of the number of positioning
nodes associated with reporting the positioning state information or the number of positioning
reference signals associated with reporting the positioning state information.

Preferably, the positioning state information is associated with at least one positioning
node and the wireless communication method further comprises processing the positioning state

3
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information associated with a part of the at least one positioning node based on priority of each
positioning node.

Preferably, the positioning state information is associated with at least one reference
signal and the wireless communication method further comprises processing the positioning state
information associated with a part of the at least one reference signal based on priority of each
reference signal.

Preferably, the positioning state information and channel state information are
configured in the same channel and the position state information is prioritized.

Preferably, the positioning state information comprises a positioning state information
report comprising a first part and a second part which comprises at least one sub-part and a
mapping priority of the first part and the at least one sub-part from high priority to low priority is
the first part followed by the first sub-part in the at least one sub-part to the last sub-part in the at
least one sub-part.

Preferably, the positioning state information comprises a positioning state information
report comprising a first part and a second part which comprises at least one sub-part, and at least
one of the at least one sub-part is omitted in an ascending order from the last sub-part in the at least
one sub-part to the first sub-part in the at least one sub-part.

Preferably, a time gap between a first time and a second time of transmitting the
positioning state information is greater than a threshold, wherein the first time is one of a reception
time of receiving the last reference signal associated with the positioning state information or an
end time of a measurement gap in which the last reference signal associated with the positioning
state information is received.

Preferably, at least one downlink reference signal and at least one uplink reference
signal used for measuring a user equipment reception-transmission time difference in the
positioning state information is activated by the same media access control control element or
triggered by the same downlink control information.

The present disclosure relates to a wireless communication method for use in a wireless
network node. The wireless communication method comprises receiving, from a wireless terminal,
positioning state information in a physical uplink channel.

Various embodiments may preferably implement the following features:
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Preferably, the physical uplink channel comprises at least one of a physical uplink
control channel or a physical uplink shared channel, and the positioning state information
comprises at least one of’

a latitude of the wireless terminal,

a longitude of the wireless terminal,

an altitude of the wireless terminal,

an uncertainty region of the wireless terminal,

a confidence level of the uncertainty region,

a relative position between the wireless terminal and a reference point,

a horizontal velocity of the wireless terminal,

a vertical velocity of the wireless terminal, or

an uncertainty of a velocity associated with at least one of the horizontal velocity or the
vertical velocity.

Preferably, the physical uplink channel comprises a physical uplink shared channel and
the positioning state information comprises a positioning state information report comprising
measurement results.

Preferably, the measurement results are associated with at least one of a main
positioning measurement or at least one additional positioning measurement.

Preferably, the measurement results associated with the main positioning measurement
or the at least one additional positioning measurement comprises at least one of:

positioning node identification information, associated with at least one position node of
the corresponding positioning measurement,

reference signal index information, associated with at least one reference signal used for
the corresponding positioning measurement,

a time stamp of the corresponding positioning measurement,

positioning measurement information, comprising at least one of a downlink positioning
reference signal reference signal received power, a downlink reference signal time difference, or a
user equipment reception-transmission time difference,

a measurement quality of the corresponding positioning measurement,

additional path information, associated with at least one additional path of receiving the
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at least one reference signal used for the corresponding positioning measurement, or

beam information, associated with at least one beam of receiving the at least one
reference signal used for the corresponding positioning measurement.

Preferably, the positioning state information report comprises: a first part, with a fixed
bit width and comprising an indication of report contents comprised in the positioning state
information report, and a second part, comprising at least one sub-part in which the measurement
results of at least one of the main positioning measurement or at least one additional positioning
measurement are comprised.

Preferably, the indication of the report contents comprises at least one of:

the number of position nodes associated with the positioning state information report,

the number of additional paths associated with the positioning state information report,

the number of the at least one additional measurement,

an indication of whether the positioning state information report comprises
measurement quality,

an indication of whether the positioning state information report comprises a time stamp
associated with the positioning state information report, or

an indication of whether the positioning state information report comprises reception
beam information.

Preferably, a time gap between a first time and a second time of transmitting the
positioning state information is greater than a threshold, wherein the first time is one of a reception
time of receiving the last reference signal associated with the positioning state information or an
end time of a measurement gap in which the last reference signal associated with the positioning
state information is received.

Preferably, at least one downlink reference signal and at least one uplink reference
signal used for measuring a user equipment reception-transmission time difference in the
positioning state information is activated by the same media access control element or triggered by
the same downlink control information.

The present disclosure relates to a computer program product comprising a
computer-readable program medium code stored thereupon, the code, when executed by a
processor, causing the processor to implement a wireless communication method recited in any of
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foregoing methods.

The exemplary embodiments disclosed herein are directed to providing features that
will become readily apparent by reference to the following description when taken in conjunction
with the accompany drawings. In accordance with various embodiments, exemplary systems,
methods, devices and computer program products are disclosed herein. It is understood, however,
that these embodiments are presented by way of example and not limitation, and it will be apparent
to those of ordinary skill in the art who read the present disclosure that various modifications to the

disclosed embodiments can be made while remaining within the scope of the present disclosure.

Thus, the present disclosure is not limited to the exemplary embodiments and
applications described and illustrated herein. Additionally, the specific order and/or hierarchy of
steps in the methods disclosed herein are merely exemplary approaches. Based upon design
preferences, the specific order or hierarchy of steps of the disclosed methods or processes can be
re-arranged while remaining within the scope of the present disclosure. Thus, those of ordinary
skill in the art will understand that the methods and techniques disclosed herein present various
steps or acts in a sample order, and the present disclosure is not limited to the specific order or

hierarchy presented unless expressly stated otherwise.

The above and other aspects and their implementations are described in greater detail in

the drawings, the descriptions, and the claims.

FIG. 1 illustrates the basic principle procedures involved in positioning systems,
positioning measurements and position estimate.

FIG. 2 shows an example of a schematic diagram of a wireless terminal according to an
embodiment of the present disclosure.

FIG. 3 shows an example of a schematic diagram of a wireless network node according
to an embodiment of the present disclosure.

FIG. 4 illustrates a usage of the time gap for preparing the positioning state information
report according to an embodiment of the present disclosure.

FIG. 5 shows a flowchart of a process according to an embodiment of the present

disclosure.
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FIG. 6 shows a flowchart of a process according to an embodiment of the present
disclosure.

FIG. 2 relates to a schematic diagram of a wireless terminal 20 according to an
embodiment of the present disclosure. The wireless terminal 20 may be a user equipment (UE), a
mobile phone, a laptop, a tablet computer, an electronic book or a portable computer system and is
not limited herein. The wireless terminal 20 may include a processor 200 such as a microprocessor
or Application Specific Integrated Circuit (ASIC), a storage unit 210 and a communication unit 220.
The storage unit 210 may be any data storage device that stores a program code 212, which is
accessed and executed by the processor 200. Embodiments of the storage unit 210 include but are
not limited to a subscriber identity module (SIM), read-only memory (ROM), flash memory,
random-access memory (RAM), hard-disk, and optical data storage device. The communication
unit 220 may a transceiver and is used to transmit and receive signals (e.g. messages or packets)
according to processing results of the processor 200. In an embodiment, the communication unit
220 transmits and receives the signals via at least one antenna 222 shown in FIG. 2.

In an embodiment, the storage unit 210 and the program code 212 may be omitted and
the processor 200 may include a storage unit with stored program code.

The processor 200 may implement any one of the steps in exemplified embodiments on
the wireless terminal 20, e.g., by executing the program code 212.

The communication unit 220 may be a transceiver. The communication unit 220 may as
an alternative or in addition be combining a transmitting unit and a receiving unit configured to
transmit and to receive, respectively, signals to and from a wireless network node (e.g. a base
station).

FIG. 3 relates to a schematic diagram of a wireless network node 30 according to an
embodiment of the present disclosure. The wireless network node 30 may be a satellite, a base
station (BS), a network entity, a Mobility Management Entity (MME), Serving Gateway (S-GW),
Packet Data Network (PDN) Gateway (P-GW), a radio access network (RAN), a next generation
RAN (NG-RAN), a data network, a core network or a Radio Network Controller (RNC), and is not
limited herein. In addition, the wireless network node 30 may comprise (perform) at least one
network function such as an access and mobility management function (AMF), a session
management function (SMF), a user place function (UPF), a policy control function (PCF), an

8
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application function (AF), etc. The wireless network node 30 may include a processor 300 such as
a microprocessor or ASIC, a storage unit 310 and a communication unit 320. The storage unit 310
may be any data storage device that stores a program code 312, which is accessed and executed by
the processor 300. Examples of the storage unit 310 include but are not limited to a SIM, ROM,
flash memory, RAM, hard-disk, and optical data storage device. The communication unit 320 may
be a transceiver and is used to transmit and receive signals (e.g. messages or packets) according to
processing results of the processor 300. In an example, the communication unit 320 transmits and
receives the signals via at least one antenna 322 shown in FIG. 3.

In an embodiment, the storage unit 310 and the program code 312 may be omitted. The
processor 300 may include a storage unit with stored program code.

The processor 300 may implement any steps described in exemplified embodiments on
the wireless network node 30, e.g., via executing the program code 312.

The communication unit 320 may be a transceiver. The communication unit 320 may as
an alternative or in addition be combining a transmitting unit and a receiving unit configured to
transmit and to receive, respectively, signals to and from a wireless terminal (e.g. a user

equipment).

In general, according to an embodiment, the positioning measurements or position
estimation may be transmitted (e.g. reported) in physical channel(s) (e.g. physical uplink control
channel (PUCCH) and/or physical uplink shared channel (PUSCH)) in order to overcome one or
more of the above-mentioned problems of the prior art.

Embodiment 1

According to an embodiment, the positioning state information (PSI) report may be
transmitted on PUCCH. That is, at least one of the following position estimation may be reported
in PSI report on PUCCH: (a degree of) a latitude of UE, (a degree of) a longitude of UE, an altitude
of UE, an uncertainty region of UE position, a confidence level of uncertainty region, a relative
position, e.g. coordinates of UE relative to a reference point, a horizontal velocity, a vertical
velocity and an uncertainty of velocity of the UE (e.g. associated with the horizontal velocity

and/or the vertical velocity).

According to an embodiment, by reporting the PSI including the position estimation on
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the PUCCH, the position of UE can be reported periodically with low latency. Furthermore, the

PUCCH is more reliable than other channels because of its small payload.

Embodiment 2

According to an embodiment, the PSI report may be transmitted on PUSCH. That is, the
UE may be configured to report position estimation and/or measurement results on PUSCH.

The position estimation may refer to at least one of the following position and velocity
information: : (a degree of) a latitude of UE, (a degree of) a longitude of UE, an altitude of UE, an
uncertainty region of UE position, a confidence level of uncertainty region, a relative position, e.g.
coordinates of UE relative to a reference point, a horizontal velocity, a vertical velocity and an
uncertainty of velocity.

The measurement results may refer to at least one of the following information: main
measurement information, and additional measurement information. In an embodiment, multiple
DL PRS resources may be configured per positioning node and the network may require UE to
report one or more than one additional measurement based on different DL PRS resources.

The main measurement information may comprise at least one of the following
information: positioning node identification (ID) information; RS index used for the measurement;
a time stamp for the measurement; positioning measurement information (e.g. DL PRS refrence
signal received power (RSRP), DL reference signal time difference (RSTD) and UE
reception-transmission (Rx-Tx) time difference); a measurement quality (e.g. the measurement
may be acquired from multiple receptions, so the measurement quality may include the mean value
of the measurements, the standard deviation of the measurements and the confidence level of the
measurements); additional path information (e.g. the UE may be required to report certain path
time in addition to first detected path time on receiving DL PRS, wherein the measurement quality
for additional path may also need to be reported); and UE reception beam information (e.g. beam
information of receiving the RS for measurement ).

The additional measurement information may comprise RS index (of the RS) used for
the measurement, time stamp for the measurement, measurement quality, additional path
information, UE reception beam information may also need to be reported in the additional
measurement information.

The definitions of DL PRS RSRP, DL RSTD and UE Rx-Tx time difference are as
10
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follows:

DL PRS reference signal received power (DL PRS-RSRP), is defined as the linear
average over the power contributions (in [W]) of the resource elements that carry
DL PRS reference signals configured for RSRP measurements within the
considered measurement frequency bandwidth.

DL reference signal time difference (DL RSTD) is the DL relative timing
difference between the positioning node j and the reference positioning node i,
defined as Tsybframerxj — Tsubframerxi> Wherein Tsubrramersj 1S the time when the UE
receives the start of one subframe from positioning node j and Tsypframerxi 1S the
time when the UE receives the corresponding start of one subframe from
positioning node i that is closest in time to the subframe received from positioning
node j. Multiple DL PRS resources can be used to determine the start of one
subframe from a positioning node.

The UE Rx — Tx time difference is defined as Tygrx — Tue-Tx, wherein Tygrx 1S
the UE received timing of downlink subframe #i from a positioning node, defined
by the first detected path in time and Tyg-rx is the UE transmit timing of uplink
subframe #j that is closest in time to the subframe #i received from the positioning
node. Multiple DL PRS resources can be used to determine the start of one

subframe of the first arrival path of the positioning node.

According to an embodiment, by transmitting the PSI in the PUSCH, PSI feedback can

be triggered once needed (e.g. the PUSCH can be triggered dynamically). In addition, because the

PUSCH equips with large payload, the network can require UE to report position estimation or

measurement results in the PUSCH.

Embodiment 3

According to an embodiment, the PSI report may be divided into two-parts. That is, one

PSI report can be divided into two parts, wherein the bit width of the first part is fixed once

configured by higher layer signaling, and the bit width of the second part is indicated by the first

part.

According to an embodiment, the first part of the PSI report may have at least one of the

following contents: indication of the number of reported positioning nodes or the number of

11
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reported pairs of positioning nodes for DL RSTD measurements; indication of the number of
reported additional paths or whether additional path is reported or not; indication of the number of
additional measurements or whether additional measurement is reported in second part or not;
indication of whether measurement quality is reported or not; indication of whether time stamp is
reported or not; and indication of whether UE reception beam information is reported or not.

According to an embodiment, the second part of the PSI report may have at least one of
the following contents as indicated by the first part: certain information of the main measurement
and/or certain information of the additional measurement(s).

According to an embodiment, the second part of PSI report can be divided into one or
more sub-parts, e.g. a first sub-part for the main measurement, a second sub-part for a first
additional measurement, a third sub-part for second additional measurement, and so on.

Embodiment 3-1

According to an embodiment, a two-part PSI report for DL PRS RSRP measurement
may comprise a first part of PSI report with at least one of the following contents: the number of
reported positioning nodes is 3; additional measurement is not reported; time stamp is not reported;
measurement quality is reported; and UE reception beam information is not reported.

In this embodiment, the PSI report for DL PRS RSRP measurement may comprise a
second part of PSI report with the following contents:

- positioning node ID information of first positioning node; DL PRS RSRP value;

DL PRS index used for the measurement; and measurement quality of DL PRS

RSRP;

- positioning node ID information of second positioning node; DL PRS RSRP value;

DL PRS index used for the measurement; measurement quality of DL PRS RSRP;

and

- positioning node ID information of third positioning node; DL PRS RSRP value;

DL PRS index used for the measurement; measurement quality of DL PRS RSRP.

Embodiment 3-2

According to an embodiment, a PSI report for DL RSTD measurement may comprise a
first part of PSI report with at least one of the following contents: the number of reported pairs of
positioning node is 2; the number of additional measurements is 2; time stamp is not reported;

12
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measurement quality is not reported; and the number of additional paths is 2.
In this embodiment, the PSI report for DL RSTD measurement may comprise a second
part of PSI report with the following contents:
- afirst sub-part comprising at least one of the following contents:
a. main measurement of first pair with at least one of the following information:
reference positioning node ID information of first pair; neighbor
positioning node ID information of first pair, DL RSTD value; DL PRS index
from reference positioning node used for the measurement, DL PRS index
from neighbor positioning node used for the measurement; first additional path
time of reference positioning node; second additional path time of reference
positioning node; first additional path time of neighbor positioning node; and
second additional path time of neighbor positioning node; and
b. main measurement of second pair with at least one of the following
information:
reference positioning node ID information of second pair; neighbor
positioning node ID information of second pair, DL RSTD value; DL PRS
index from reference positioning node used for the measurement; DL PRS
index from neighbor positioning node used for the measurement; first
additional path time of reference positioning node; second additional path time
of reference positioning node; first additional path time of neighbor
positioning node; and second additional path time of neighbor positioning
node.
- asecond sub-part comprising at least one of the following contents:

a. first additional measurement of first pair with at least one of the following
information (where reference positioning node ID information and neighbor
positioning node ID information associated for the measurement are the same
as main measurement of first pair):

DL RSTD value; DL PRS index from reference positioning node used
for the measurement; DL PRS index from neighbor positioning node used for
the measurement; first additional path time of reference positioning node;

13
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second additional path time of reference positioning node; first additional
path time of neighbor positioning node; and second additional path time of
neighbor positioning node; and

b. first additional measurement of second pair with at least one of the following

information (where reference positioning node ID information and neighbor
positioning node ID information associated for the measurement are the same
as main measurement of second pair):

DL RSTD value; DL PRS index from reference positioning node used
for the measurement; DL PRS index from neighbor positioning node used for
the measurement; first additional path time of reference positioning node;
second additional path time of reference positioning node; first additional
path time of neighbor positioning node; and second additional path time of
neighbor positioning node.

- athird sub-part comprising at least one of the following contents:

a. second additional measurement of first pair with at least one of the following
information (where reference positioning node ID information and neighbor
positioning node ID information associated for the measurement are the same
as main measurement of first pair):

DL RSTD value; DL PRS index from reference positioning node used
for the measurement; DL. PRS index from neighbor positioning node used for
the measurement; first additional path time of reference positioning node;
second additional path time of reference positioning node; first additional path
time of neighbor positioning node, and second additional path time of
neighbor positioning node; and

b. second additional measurement of second pair with at least one of the
following information (where reference positioning node ID information and
neighbor positioning node ID information associated for the measurement are
the same as main measurement of second pair):

DL RSTD value; DL PRS index from reference positioning node used
for the measurement; DL. PRS index from neighbor positioning node used for

14
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the measurement; first additional path time of reference positioning node;
second additional path time of reference positioning node; first additional path
time of neighbor positioning node; and second additional path time of
neighbor positioning node.

In an embodiment, the second part of PSI report may be divided into more sub-parts, e.g.
three sub-parts, wherein the first sub-part for main measurement, the second sub-part for first
additional measurement, the third sub-part for second additional measurement.

According to an embodiment, by adopting the two-part PSI report for reporting the PSI,
the report content can be decided by UE (which is indicated in first part PSI). In addition, the UE
can report some additional path information for achieving more accurate positioning. Furthermore,
the UE can report some additional measurements, which allows the network to decide which
measurement can be used for positioning the UE. Last but not the least, different parts of the PSI
report can be mapped on PUSCH with different orders, e.g. the most important part can be mapped
on most significant bits.

Embodiment 4

According to an embodiment, the PSI report processing may be given priority. That is,
if the PSI (report) and channel state information (CSI) (report) are triggered by the same signaling,
the UE may be indicated to only process PSI (e.g. prioritize the PSI (report)).

In an embodiment, once semi-persistent PSI or aperiodic PSI report is triggered, the UE
may be indicated to stop the processing of all other on-going CSI reports.

In an embodiment, the occupation of UE calculation resources may depend on
configuration of the PSI report. For example, the total number of positioning nodes and total
number of DL PRS resources configured for deriving the PSI report.

In an embodiment, the configuration of PSI report may exceed the UE processing
capability. In such a case, the UE may choose to report some positioning nodes indicated with high
priority and/or the UE may choose some DL PRS resources indicated with high priority.

According to an embodiment, the PSI report feedback may be given priority. That is,
some CSI reports and PSI report are multiplexed on the same physical channel, the PSI report can
be indicated with highest priority.

In an embodiment, for two-part PSI report, a PSI report is mapped on PUSCH
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according to the following order:

the mapping priority from high priority to low priority is first part PSI, first sub-part in
second part PSI, second sub-part in second part PSI, third sub-part in second part PSI...

In an embodiment, for two-part PSI report, if the payload of PUSCH is not enough for
the entire PSI report, the UE may omit a part of second part of the PSI report (i.e. at least one
sub-part may be omitted). In an embodiment, the sub-part with lower mapping priority would be
omitted first. That is, the second part of the PSI report may be omitted in an ascending order from
the last sub-part to the first sub-part.

For example, the second part of PSI report comprises 3 sub-parts. The third sub-part in
the second part of PSI report will be omit firstly, then the second sub-part in second part of PSI
report, finally the first sub-part in second part of PSI report.

In an embodiment, the priority of the PSI can be higher than CSI when there is
emergency positioning requirement.

Based on the Embodiment 4, the UE can process the PSI reports according to their
priority, which can ensure more precise measurements by using limited UE capability.

Embodiment 5

FIG. 4 illustrates a usage of the time gap for preparing the PSI report according to an
embodiment of the present disclosure.

In an embodiment, since the bandwidth/center frequency/SCS (subcarrier spacing) of
DL PRSs may be different from serving cell, the DL PRSs may only be received by the UE within
a measurement gap. The network configures a measurement gap pattern, the measurement gap
length is represented by MGL and the periodicity is represented by MGRP (measurement gap
repetition period). In this embodiment, the time of transmitting PSI report may take the
measurement gap configuration into considerations.

In an embodiment, the time gap for preparing the PSI report may satisty one of the
following conditions: the time gap TO may not be less than a predetermined threshold, and/or the
time gap T1 may not be less than a predetermined threshold. Note that the time gap TO is the time
gap between the time of receiving the last RS used for the PSI report and the time of transmitting
the PSI report and the time gap T1 is the time gap between the end time of the measurement gap in
which the last RS used for the PSI report is located and the time of transmitting the TSI report.
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The threshold may be determined according to the UE capability, and it may be up to

UE’s capability to choose one of the above two options.

In an embodiment, the limitation associated with the time gap TO may be adopted when

the UE is able to process RS within measurement gap.

In an embodiment, the limitation associated with the time gap T1 may be adopted when

UE can only buffer RS(s) received within measurement gap.

Based on UE capability, the UE can select the limitation associated with one of the time

gaps TO or T1 for preparing the PSI report.

In general, according to an embodiment, when the measurement of UE Rx-Tx time
difference is required, the DL RS and UL RS used for the measurement can be considered to be
activated by the same MAC CE and/or triggered by the same DCI. Because measurement of the UE
Rx-Tx time difference needs recording the DL RS reception time and UL RS transmission time, the
UE Rx-Tx time difference would be more accurate if the DL RS and UL RS are as close as

possible.

FIG. 5 shows a flowchart of a process according to an embodiment of the present
disclosure. The process shown in FIG. 5 may be used in a wireless terminal (e.g. UE) and

comprises the following step:

Step 500: Transmit, to a wireless network node, positioning state information in a

physical uplink channel.

In the process shown in FIG. 5, the wireless terminal transmits PSI to a wireless

network node (e.g. BS). Note that the PSI is transmitted in a physical uplink channel.

In an embodiment, the physical uplink channel comprises at least one of a PUCCH or a

PUSCH and the PSI comprises at least one of:
a latitude of the wireless terminal,
a longitude of the wireless terminal,

an altitude of the wireless terminal,
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an uncertainty region of the wireless terminal,

a confidence level of the uncertainty region,

a relative position between the wireless terminal and a reference point,
a horizontal velocity of the wireless terminal,

a vertical velocity of the wireless terminal, or

an uncertainty of a velocity (e.g. (associated with) the horizontal velocity and/or the

vertical velocity) of the wireless terminal.

In an embodiment, the physical uplink channel comprises a PUSCH and positioning

state information comprises a PSI report comprising measurement results.
In an embodiment, the measurement results are associated with at least one of’
a main positioning measurement, or
at least one additional positioning measurement.

In an embodiment, the measurement results associated with the main positioning
measurement or the at least one additional positioning measurement comprises at least one

of:

positioning node identification information, associated at least one position node of the

corresponding positioning measurement,

reference signal index information, associated with at least one reference signal used

for the corresponding positioning measurement,
a time stamp of the corresponding positioning measurement,

positioning measurement information, comprising at least one of a DL PRS-RSRP, a

DL RSTD, or a UE Rx-Tx time difference,
a measurement quality of the corresponding positioning measurement,

additional path information, associated with at least one additional path of receiving the

at least one reference signal used for the corresponding positioning measurement, or
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beam information, associated with at least one beam of receiving the at least one

reference signal used for the corresponding positioning measurement.
In an embodiment, the positioning state information report comprises:

a first part, with a fixed bit width and comprising an indication of report contents

comprised in the PSI report, and

a second part, comprising at least one sub-part in which the measurement results of at
least one of the main positioning measurement or at least one additional positioning measurement

are comprised.
In an embodiment, the indication of the report contents comprises at least one of:
the number of position nodes associated with the positioning state information report,
the number of additional paths associated with the positioning state information report,
the number of the at least one additional measurement,

an indication of whether the positioning state information report comprises

measurement quality,

an indication of whether the positioning state information report comprises a time

stamp associated with the positioning state information report, or

an indication of whether the positioning state information report comprises reception

beam information.

In an embodiment, the wireless terminal receives a signaling of triggering reporting the

PSI. In such a case, the wireless terminal stops or deprioritizes processing CSI.

In an embodiment, the wireless terminal configures processing resources of the wireless
terminal based on a configuration of reporting the PSI (report). For example, the configuration
comprises at least one of the number of positioning nodes associated with reporting the PSI (report)

or the number of positioning reference signals associated with reporting the PSI (report).

In an embodiment, the positioning state information is associated with at least one

positioning node and the wireless terminal processes the PSI associated with a part of the at least
19



WO 2022/027670 PCT/CN2020/107988

one positioning node based on priority of each positioning node, e.g., when the configuration of

PSI (report) is beyond UE’s capability.

In an embodiment, the positioning state information is associated with at least one
reference signal and the wireless terminal processes the PSI associated with a part of the at least
one reference signal based on priority of each reference signal, e.g., when the configuration of PSI

(report) is beyond UE’s capability.

In an embodiment, the PSI and CSI are configured in the same channel and the wireless

terminal prioritizes the PSL

In an embodiment, the positioning state information comprises a positioning state
information report comprising a first part and a second part which comprises at least one sub-part,
and a mapping priority of the first part and the at least one sub-part from high priority to low
priority is the first part followed by the first sub-part in the at least one sub-part to the last sub-part

in the at least one sub-part.

In an embodiment, the positioning state information comprises a positioning state
information report comprising a first part and a second part which comprises at least one sub-part,
and at least one of the at least one sub-part is omitted in an ascending order from the last sub-part
in the at least one sub-part to the first sub-part in the at least one sub-part. In other words, the
omitting at least one of the at least one sub-part is done in the ascending order from the last

sub-part in the at least one sub-part to the first sub-part in the at least one sub-part.

In an embodiment, a time gap (e.g. TO or T1 shown in FIG. 4) between a first time and a
second time of transmitting the positioning state information is greater than a threshold. In this
embodiment, the first time is one of a reception time of receiving the last reference signal
associated with the positioning state information or an end time of a measurement gap in which the

last reference signal associated with the positioning state information is received.

In an embodiment, at least one downlink reference signal and at least one uplink
reference signal used for measuring a UE Rx-Tx time difference in the PSI is activated by the same

MAC CE or triggered by the same DCIL.

FIG. 6 shows a flowchart of a process according to an embodiment of the present
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disclosure. The process shown in FIG. 6 may be used in a wireless network node (e.g. BS) and

comprises the following step:

Step 600: Receive, from a wireless terminal, positioning state information in a physical

uplink channel.

In the process shown in FIG. 6, the wireless network node receives PSI from a wireless

terminal (e.g. UE) in a physical uplink channel.

In an embodiment, the physical uplink channel comprises at least one of a PUCCH or a

PUSCH and the PSI comprises at least one of:
a latitude of the wireless terminal,
a longitude of the wireless terminal,
an altitude of the wireless terminal,
an uncertainty region of the wireless terminal,
a confidence level of the uncertainty region,
a relative position between the wireless terminal and a reference point,
a horizontal velocity of the wireless terminal,
a vertical velocity of the wireless terminal, or

an uncertainty of a velocity (e.g. (associated with) the horizonal velocity and/or the

vertical velocity) of the wireless terminal.

In an embodiment, the physical uplink channel comprises a PUSCH and positioning

state information comprises a PSI report comprising measurement results.
In an embodiment, the measurement results are associated with at least one of’
a main positioning measurement, or
at least one additional positioning measurement.

In an embodiment, the measurement results associated with the main positioning
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measurement or the at least one additional positioning measurement comprises at least one of:

positioning node identification information, associated at least one position node of the

corresponding positioning measurement,

reference signal index information, associated with at least one reference signal used for

the corresponding positioning measurement,
a time stamp of the corresponding positioning measurement,

positioning measurement information, comprising at least one of a DL PRS-RSRP, a

DL RSTD, or a UE Rx-Tx time difference,
a measurement quality of the corresponding positioning measurement,

additional path information, associated with at least one additional path of receiving the

at least one reference signal used for the corresponding positioning measurement, or

beam information, associated with at least one beam of receiving the at least one

reference signal used for the corresponding positioning measurement.
In an embodiment, the positioning state information report comprises:

a first part, with a fixed bit width and comprising an indication of report contents

comprised in the PSI report, and

a second part, comprising at least one sub-part in which the measurement results of at
least one of the main positioning measurement or at least one additional positioning measurement

are comprised.
In an embodiment, the indication of the report contents comprises at least one of
the number of position nodes associated with the positioning state information report,
the number of additional paths associated with the positioning state information report,
the number of the at least one additional measurement,

an indication of whether the positioning state information report comprises

measurement quality,
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an indication of whether the positioning state information report comprises a time stamp

associated with the positioning state information report, or

an indication of whether the positioning state information report comprises reception

beam information.

In an embodiment, a time gap (e.g. TO or T1 shown in FIG. 4) between a first time and a
second time of transmitting the positioning state information is greater than a threshold. In this
embodiment, the first time is one of a reception time of receiving the last reference signal
associated with the positioning state information or an end time of a measurement gap in which the

last reference signal associated with the positioning state information is received.

In an embodiment, at least one downlink reference signal and at least one uplink
reference signal used for measuring a UE Rx-Tx time difference in the PSI is activated by the same

MAC CE or triggered by the same DCIL.

In summary, as apparent from the foregoing description, embodiments comprise one or
more of the following aspects: report contents on PUCCH and PUSCH; two-part PSI design;
priority issues (including the processing priority and feedback priority); and how to determine the

time gap for preparing the PSI report.

While various embodiments of the present disclosure have been described above, it
should be understood that they have been presented by way of example only, and not by way of
limitation. Likewise, the various diagrams may depict an example architectural or configuration,
which are provided to enable persons of ordinary skill in the art to understand exemplary features
and functions of the present disclosure. Such persons would understand, however, that the present
disclosure is not restricted to the illustrated example architectures or configurations, but can be
implemented using a variety of alternative architectures and configurations. Additionally, as would
be understood by persons of ordinary skill in the art, one or more features of one embodiment can
be combined with one or more features of another embodiment described herein. Thus, the breadth
and scope of the present disclosure should not be limited by any of the above-described exemplary

embodiments.
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It is also understood that any reference to an element herein using a designation such as
"first," "second," and so forth does not generally limit the quantity or order of those elements.
Rather, these designations can be used herein as a convenient means of distinguishing between two
or more elements or instances of an element. Thus, a reference to first and second elements does
not mean that only two elements can be employed, or that the first element must precede the

second element in some manner.

Additionally, a person having ordinary skill in the art would understand that information
and signals can be represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits and symbols, for example, which
may be referenced in the above description can be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, optical fields or particles, or any combination

thereof.

A skilled person would further appreciate that any of the various illustrative logical
blocks, units, processors, means, circuits, methods and functions described in connection with the
aspects disclosed herein can be implemented by electronic hardware (e.g., a digital implementation,
an analog implementation, or a combination of the two), firmware, various forms of program or
design code incorporating instructions (which can be referred to herein, for convenience, as

"software" or a "software unit”), or any combination of these techniques.

To clearly illustrate this interchangeability of hardware, firmware and software, various
illustrative components, blocks, units, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as hardware, firmware or
software, or a combination of these techniques, depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans can implement the described
functionality in various ways for each particular application, but such implementation decisions do
not cause a departure from the scope of the present disclosure. In accordance with various
embodiments, a processor, device, component, circuit, structure, machine, unit, etc. can be
configured to perform one or more of the functions described herein. The term “configured to” or
“configured for” as used herein with respect to a specified operation or function refers to a
processor, device, component, circuit, structure, machine, unit, etc. that is physically constructed,
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programmed and/or arranged to perform the specified operation or function.

Furthermore, a skilled person would understand that various illustrative logical blocks,
units, devices, components and circuits described herein can be implemented within or performed
by an integrated circuit (IC) that can include a general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a field programmable gate array (FPGA)
or other programmable logic device, or any combination thereof. The logical blocks, units, and
circuits can further include antennas and/or transceivers to communicate with various components
within the network or within the device. A general purpose processor can be a microprocessor, but
in the alternative, the processor can be any conventional processor, controller, or state machine. A
processor can also be implemented as a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other suitable configuration to perform the functions described
herein. If implemented in software, the functions can be stored as one or more instructions or code
on a computer-readable medium. Thus, the steps of a method or algorithm disclosed herein can be

implemented as software stored on a computer-readable medium.

Computer-readable media includes both computer storage media and communication
media including any medium that can be enabled to transfer a computer program or code from one
place to another. A storage media can be any available media that can be accessed by a computer.
By way of example, and not limitation, such computer-readable media can include RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to store desired program code in the form of

instructions or data structures and that can be accessed by a computer.

In this document, the term "unit" as used herein, refers to software, firmware, hardware,
and any combination of these elements for performing the associated functions described herein.
Additionally, for purpose of discussion, the various units are described as discrete units; however,
as would be apparent to one of ordinary skill in the art, two or more units may be combined to form
a single unit that performs the associated functions according embodiments of the present
disclosure.

Additionally, memory or other storage, as well as communication components, may be
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employed in embodiments of the present disclosure. It will be appreciated that, for clarity purposes,
the above description has described embodiments of the present disclosure with reference to
different functional units and processors. However, it will be apparent that any suitable distribution
of functionality between different functional units, processing logic elements or domains may be
used without detracting from the present disclosure. For example, functionality illustrated to be
performed by separate processing logic elements, or controllers, may be performed by the same
processing logic element, or controller. Hence, references to specific functional units are only
references to a suitable means for providing the described functionality, rather than indicative of a

strict logical or physical structure or organization.

Various modifications to the implementations described in this disclosure will be
readily apparent to those skilled in the art, and the general principles defined herein can be applied
to other implementations without departing from the scope of this disclosure. Thus, the disclosure
is not intended to be limited to the implementations shown herein, but is to be accorded the widest
scope consistent with the novel features and principles disclosed herein, as recited in the claims

below.
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CLAIMS

A wireless communication method for use in a wireless terminal, the wireless

communication method comprising:

transmitting, to a wireless network node, positioning state information in a physical

uplink channel.

The wireless communication method of claim 1, wherein the physical uplink channel
comprises at least one of a physical uplink control channel or a physical uplink shared

channel, and

wherein the positioning state information comprises at least one of’

a latitude of the wireless terminal,

a longitude of the wireless terminal,

an altitude of the wireless terminal,

an uncertainty region of the wireless terminal,

a confidence level of the uncertainty region,

a relative position between the wireless terminal and a reference point,
a horizontal velocity of the wireless terminal,

a vertical velocity of the wireless terminal, or

an uncertainty of a velocity associated with at least one of the horizontal velocity or the

vertical velocity.

The wireless communication method of claim 1 or 2, wherein the physical uplink

channel comprises a physical uplink shared channel, and
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wherein the positioning state information comprises a positioning state information

report comprising measurement results.

The wireless communication method of claim 3, wherein the measurement results are

associated with at least one of*
a main positioning measurement, or

at least one additional positioning measurement.

The wireless communication method of claim 3 or 4, wherein the measurement results
associated with the main positioning measurement or the at least one additional

positioning measurement comprises at least one of’

positioning node identification information, associated at least one position node of the

corresponding positioning measurement,

reference signal index information, associated with at least one reference signal used

for the corresponding positioning measurement,
a time stamp of the corresponding positioning measurement,

positioning measurement information, comprising at least one of a downlink
positioning reference signal reference signal received power, a downlink
reference signal time difference, or a user equipment reception-transmission time

difference,
a measurement quality of the corresponding positioning measurement,

additional path information, associated with at least one additional path of receiving the
at least one reference signal used for the corresponding positioning measurement,

or

beam information, associated with at least one beam of receiving the at least one
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reference signal used for the corresponding positioning measurement.

The wireless communication method of any of claims 3 to 5, wherein the positioning

state information report comprises:

a first part, with a fixed bit width and comprising an indication of report contents

comprised in the positioning state information report, and

a second part, comprising at least one sub-part in which the measurement results of at
least one of the main positioning measurement or at least one additional

positioning measurement are comprised.

The wireless communication method of claim 6, wherein the indication of the report

contents comprises at least one of’

the number of position nodes associated with the positioning state information report,
the number of additional paths associated with the positioning state information report,
the number of the at least one additional measurement,

an indication of whether the positioning state information report comprises

measurement quality,

an indication of whether the positioning state information report comprises a time

stamp associated with the positioning state information report, or

an indication of whether the positioning state information report comprises reception

beam information.

The wireless communication method of any of claims 1 to 7, further comprising:

receiving, from the wireless network node, a signaling of triggering reporting the
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positioning state information, and

stopping or deprioritizing processing channel state information.

The wireless communication method of any of claims 1 to 8, further comprising:

configuring processing resources of the wireless terminal based on a configuration of

reporting the positioning state information,

wherein the configuration comprises at least one of the number of positioning nodes
associated with reporting the positioning state information or the number of
positioning reference signals associated with reporting the positioning state

information.

The wireless communication method of any of claims 1 to 9, wherein the positioning

state information is associated with at least one positioning node,
wherein the wireless communication method further comprises:

processing the positioning state information associated with a part of the at least one

positioning node based on priority of each positioning node.

The wireless communication method of any of claims 1 to 9, wherein the positioning

state information is associated with at least one reference signal,
wherein the wireless communication method further comprises:

processing the positioning state information associated with a part of the at least one

reference signal based on priority of each reference signal.

The wireless communication method of any of claims 1 to 11, wherein the positioning
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state information and channel state information are configured in the same channel, and

wherein the position state information is prioritized.

13.  The wireless communication method of any of claims 1 to 12, wherein the positioning
state information comprises a positioning state information report comprising a first

part and a second part which comprises at least one sub-part, and

wherein a mapping priority of the first part and the at least one sub-part from high
priority to low priority is the first part followed by the first sub-part in the at least

one sub-part to the last sub-part in the at least one sub-part.

14.  The wireless communication method of any of claims 1 to 12, wherein the positioning
state information comprises a positioning state information report comprising a first

part and a second part which comprises at least one sub-part, and

wherein at least one of the at least one sub-part is omitted in an ascending order from
the last sub-part in the at least one sub-part to the first sub-part in the at least one

sub-part.

15. The wireless communication method of any of claims 1 to 14, wherein a time gap
between a first time and a second time of transmitting the positioning state information

is greater than a threshold, and

wherein the first time is one of a reception time of receiving the last reference signal
associated with the positioning state information or an end time of a measurement
gap in which the last reference signal associated with the positioning state

information is received.
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16. The wireless communication method of any of claims 1 to 15, wherein at least one
downlink reference signal and at least one uplink reference signal used for measuring a
user equipment reception-transmission time difference in the positioning state
information is activated by the same media access control control element or triggered

by the same downlink control information.

17. A wireless communication method for use in a wireless network node, the wireless

communication method comprising:

receiving, from a wireless terminal, positioning state information in a physical uplink

channel.

18. The wireless communication method of claim 17, wherein the physical uplink channel
comprises at least one of a physical uplink control channel or a physical uplink shared

channel, and

wherein the positioning state information comprises at least one of’

a latitude of the wireless terminal,

a longitude of the wireless terminal,

an altitude of the wireless terminal,

an uncertainty region of the wireless terminal,

a confidence level of the uncertainty region,

a relative position between the wireless terminal and a reference point,
a horizontal velocity of the wireless terminal,

a vertical velocity of the wireless terminal, or

an uncertainty of a velocity associated with at least one of the horizontal velocity or the
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vertical velocity.

The wireless communication method of claim 17 or 18, wherein the physical uplink

channel comprises a physical uplink shared channel, and

wherein the positioning state information comprises a positioning state information

report comprising measurement results.

The wireless communication method of claim 19, wherein the measurement results are

associated with at least one of*
a main positioning measurement, or

at least one additional positioning measurement.

The wireless communication method of claim 19 or 20, wherein the measurement
results associated with the main positioning measurement or the at least one additional

positioning measurement comprises at least one of’

positioning node identification information, associated at least one position node of the

corresponding positioning measurement,

reference signal index information, associated with at least one reference signal used

for the corresponding positioning measurement,
a time stamp of the corresponding positioning measurement,

positioning measurement information, comprising at least one of a downlink
positioning reference signal reference signal received power, a downlink
reference signal time difference, or a user equipment reception-transmission time

difference,

a measurement quality of the corresponding positioning measurement,
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additional path information, associated with at least one additional path of receiving the
at least one reference signal used for the corresponding positioning measurement,

or

beam information, associated with at least one beam of receiving the at least one

reference signal used for the corresponding positioning measurement.

22.  The wireless communication method of any of claims 19 to 21, wherein the positioning

state information report comprises:

a first part, with a fixed bit width and comprising an indication of report contents

comprised in the positioning state information report, and

a second part, comprising at least one sub-part in which the measurement results of at
least one of the main positioning measurement or at least one additional

positioning measurement are comprised.

23. The wireless communication method of claim 22, wherein the indication of the report

contents comprises at least one of’

the number of position nodes associated with the positioning state information report,
the number of additional paths associated with the positioning state information report,
the number of the at least one additional measurement,

an indication of whether the positioning state information report comprises

measurement quality,

an indication of whether the positioning state information report comprises a time

stamp associated with the positioning state information report, or

an indication of whether the positioning state information report comprises reception

beam information.
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The wireless communication method of any of claims 17 to 23, wherein a time gap
between a first time and a second time of transmitting the positioning state information

is greater than a threshold, and

wherein the first time is one of a reception time of receiving the last reference signal
associated with the positioning state information or an end time of a measurement
gap in which the last reference signal associated with the positioning state

information is received.

The wireless communication method of any of claims 17 to 24, wherein at least one
downlink reference signal and at least one uplink reference signal used for measuring a
user equipment reception-transmission time difference in the positioning state
information is activated by the same media access control control element or triggered

by the same downlink control information.

A wireless terminal, comprising:

a communication unit, configured to transmit, to a wireless network node, positioning

state information in a physical uplink channel.

The wireless device of claim 26, further comprising a processor configured to perform

a wireless communication method of any of claims 2 to 16.

A wireless network node, comprising:

a communication unit, configured to transmit, to a wireless network node, positioning

state information in a physical uplink channel.
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The wireless network node of claim 28, further comprising a processor configured to

perform a wireless communication method of any of claims 18 to 25.

A computer program product comprising a computer-readable program medium code
stored thereupon, the code, when executed by a processor, causing the processor to

implement a wireless communication method recited in any of claims 1 to 25.
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