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Foreword
This Technical Specification has been produced by the 3" Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where:
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.

Introduction

The present document is part 1 of amulti-parts TS:

- 3GPP TS 37.571-1: User Equipment (UE) conformance specification for UE positioning; Part 1: Conformance
test specification.

- 3GPP TS 37.571-2: User Equipment (UE) conformance specification for UE positioning; Part 2: Protocol
conformance.

- 3GPP TS 37.571-3: User Equipment (UE) conformance specification for UE positioning; Part 3: Implementation
Conformance Statement (1CS).

- 3GPP TS 37.571-4: User Equipment (UE) conformance specification for UE positioning; Part 4: Test suites.

- 3GPP TS 37.571-5: User Equipment (UE) conformance specification for UE positioning; Part 5: Test scenarios
and assistance data.
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1 Scope

The present document specifies the procedures for the conformance test of the measurement requirements for FDD or
TDD mode of UTRA and FDD or TDD mode of E-UTRA, NB-IOT and NR for the User Equipment (UE) that supports
one or more of the defined positioning methods. These positioning methods are:

- for UTRA: Assisted Global Positioning System (A-GPS), Assisted Globa Navigation Satellite Systems (A-
GNSS),

- for E-UTRA: Assisted Global Navigation Satellite System (A-GNSS), Observed Time Difference of Arrival
(OTDOA), Enhanced Cell ID (ECID), Metropolitan Beacon System (MBS), Wireless Local Area Network
(WLAN), Bluetooth Low Energy (BLE),

- for NB-IOT: Observed Time Difference of Arrival (OTDOA), [others FFS], and

- for NR: Assisted Global Navigation Satellite System (A-GNSS), Observed Time Difference of Arrival
(OTDOA), Enhanced Cell ID (ECID), Metropolitan Beacon System (MBS), Wireless Local Area Network
(WLAN), Bluetooth Low Energy (BLE).

Tests are only applicable to those mobiles that are intended to support the appropriate functionality. To indicate the
circumstances in which tests apply, thisis noted in the “Test applicability " part of the test.

The Implementation Conformance Statement (1CS) pro-forma could be found in the 3™ part of the present document.

2 References

The following documents contain provisions which, through reference in thistext, constitute provisions of the present
document.

o References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

e For aspecific reference, subsequent revisions do not apply.

o For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document unless the context in which the reference is made suggests a different Releaseis
relevant (information on the applicable release in a particular context can be found in e.g. test casetitle,
description or applicability, message description or content).

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

2] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio transmission and reception”.

[3] 3GPP TS 36.171: "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
Support of Assisted Global Navigation Satellite System (A-GNSS)".

[4] 3GPP TS 36.355: "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Positioning
Protocol (LPP)".

[5] 3GPP TS 36.302: "Evolved Universal Terrestrial Radio Access (E-UTRA); Services provided by
the physical layer”.

[6] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer;
Measurements”.

[7 ETSI TR 102 273-1-2: "Electromagnetic compatibility and Radio spectrum Matters (ERM);

Improvement on Radiated Methods of Measurement (using test site) and evaluation of the
corresponding measurement uncertainties; Part 1: Uncertainties in the measurement of mobile
radio equipment characteristics, Sub-part 2: Examples and annexes".
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3 Definitions, symbols and abbreviations
3.1 Definitions

For the purposes of the present document, the terms and definitions givenin TR 21.905 [1], 3GPP TR 25.990 [27], TS
36.101 [2], 3GPP TS 36.104 [21] and the following apply. A term defined in the present document takes precedence
over the definition of the same term, if any, in TR 21.905 [1].

Horizontal Dilution Of Precision (HDOP): measure of position determination accuracy that is a function of the
geometrical layout of the satellites used for the fix, relative to the receiver antenna

3.2

Symbols

For the purposes of the present document, the abbreviations given in TR 21.905 [1], 3GPP TR 25.990 [27] and the
following apply. An abbreviation defined in the present document takes precedence over the definition of the same
abbreviation, if any, in TR 21.905 [1].

Bl
B1C
B2a
B3l
El
E5
E6
Gl

G2

k
L1C/A

L1C
L2C

L5
PRP

Penss,, i

GNSS,, i

Ts
Es

BeiDou B1l navigation signal with carrier frequency of 1561.098 MHz

BeiDou B1C navigation signal with carrier frequency of 1575.420 MHz.

BeiDou B2a navigation signal with carrier frequency of 1176.450 MHz.

BeiDou B3l navigation signal with carrier frequency of 1268.520 MHz.

Galileo E1 navigation signal with carrier frequency of 1575.420 MHz.

Galileo E5 navigation signal with carrier frequency of 1191.795 MHz.

Galileo E6 navigation signal with carrier frequency of 1278.750 MHz.

GLONASS navigation signal in the L1 sub-bands with carrier frequencies 1602 MHz + k x 562.5
kHz.

GLONASS navigation signal in the L2 sub-bands with carrier frequencies 1246 MHz + k x 437.5
kHz.

GLONASS channel humber, k =-7...13.

GPSor QZSS L1 navigation signal carrying the Coarse/Acquisition code with carrier frequency of
1575.420 MHz.

GPSor QZSS L1 Civil navigation signal with carrier frequency of 1575.420 MHz.

GPSor QZSS L2 Civil navigation signal with carrier frequency of 1227.600 MHz.

GPS or QZSS L5 navigation signal with carrier frequency of 1176.450 MHz.

Received (linear) average power of the resource elements that carry E-UTRA PRS, measured at
the UE antenna connector.

Geometry Matrix.

Measured pseudo-range of satellitei of GNSSy.
Weighting Matrix.

Line of sight unit vector from the user to the satellite i of GNSSy.

State vector of user position and clock bias.

Basic time unit, defined in TS 36.211 [26], clause 4.

Received energy per RE (power normalized to the subcarrier spacing) during the useful part of the
symbol, i.e. excluding the cyclic prefix, at the UE antenna connector.

The total received power density, including signal and interference, as measured at the UE antenna
connector.
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lot The received power spectral density of the total noise and interference for a certain RE (power
integrated over the RE and normalized to the subcarrier spacing) as measured at the UE antenna
connector.

N, The power spectral density of awhite noise source (average power per RE normalised to the

subcarrier spacing), simulating interference from cells that are not defined in atest procedure, as
measured at the UE antenna connector.

PRS ES /1ot Theratio of the average received energy per PRS RE during the useful part of the symbol to the

average received power spectral density of the total noise and interference for this RE, where the
ratio is measured over all REs which carry PRS.

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

A-GANSS Assisted Galileo and Additional Navigation Satellite Systems

A-Gdlileo Assisted-Galileo

A-GLONASS Assisted-- GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (English: Global Navigation
Satellite System)

A-GNSS Assisted Global Navigation Satellite System

A-GPS Assisted - Global Positioning System

AP Access Point

AWGN Additive White Gaussian Noise

BDS BeiDou Navigation Satellite System

BLE Bluetooth Low Energy

BSS Bluetooth System Simulator

BSSID Basic Service Set |Dentification

C/IA Coarse/Acquisition

DL-AoD Downlink Angle-of-Departure

DL-PRS Downlink Positioning Reference Signal

DL-TDOA Downlink Time Difference Of Arrival

DRX Discontinuous Reception

DUT Device Under Test

ECEF Earth Centred, Earth Fixed

ECID Enhanced Cell Identification

EPRE Energy Per Resource Element

EN-DC E-UTRA-NR Dual Connectivity

E-UTRA Evolved UMTS Terrestrial Radio Access

E-UTRAN Evolved UMTS Terrestrial Radio Access Network

FDD Frequency Division Duplex

GANSS Galileo and Additional Navigation Satellite Systems

GEO Geostationary Earth Orbit

GLONASS GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (English: Global Navigation Satellite
System)

GNSS Global Navigation Satellite System

GPS Global Positioning System

GSS GNSS System Simulator

HD-FDD Half Duplex - Frequency Division Duplex

HDOP Horizontal Dilution Of Precision

ICD Interface Control Document

ICS I mplementation Conformance Statement

IGSO Inclined Geosynchronous Satellite Orbitl S

IS Interface Specification

LOS Line Of Sight

LPP LTE Positioning Protocol

MBS Metropolitan Beacon System

MSS MBS System Simulator

MEO Medium Earth Orbit

Multi-RTT Multi-Round Trip Time

NB-10T Narrow Band - Internet Of Things

NE-DC NR-E-UTRA Dual Connectivity
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NGEN-DC NG-RAN E-UTRA-NR Dual Connectivity
NG-RAN E-UTRA NG-RAN E-UTRA Radio Access
NG-RAN NR  NG-RAN NR Radio Access

NPRS NB-IOT Positioning Reference Signal
NR New Radio
NR-DC NR-NR Dual Connectivity
NR E-CID NR Enhanced Cell 1D (positioning method)
OCNG OFDMA Channel Noise Generator
OCNS Orthogonal Channel Noise Simulator
OTA Over The Air
OTDOA Observed Time Difference Of Arrival
PBCH Physical Broadcast Channel
PCC Primary Component Carrier
PCell Primary Cell
PCFICH Physical Control Format Indicator Channel
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
PHICH Physical Hybrid ARQ Indictor Channel
PPM Parts per million
PRS Positioning Reference Signal
PRS-RSRP Positioning Reference Signal based Reference Signal Received Power
PSS Primary Synchronization Signal
QZSsSs Quasi-Zenith Satellite System
RB Resource Block
RE Resource Element
RRC Radio Resource Control
RSSI Received Signal Strength Indicator
RSTD Reference Signal Time Difference
SBAS Space Based Augmentation System
SCC Secondary Component Carrier
SCell Secondary Cell
SFN System Frame Number
SNR Signal to Noise Ratio
SS System simulator
SSS Secondary Synchronization Signal
)Y Space Vehicle
SV ID Space Vehicle Identity
TBS Terrestrial Beacon System
TDD Time Division Duplex
TOD Time Of Day
TOW Time Of Week
TTFF Time To First Fix
UE User Equipment
UL-SRS Uplink Sounding Reference Signal
UuID Universal Unique Identifier
UTRA Universal Terrestrial Radio Access
UTRAN Universal Terrestrial Radio Access Network
WGS-84 World Geodetic System 1984
WLAN Wireless Local Area Network
WLS Weighted Least Square
WSS WLAN System Simulator

4 General test conditions

4.1 Introduction

This clause defines the various common test conditions required for the various measurement requirementsin the
remainder of the document.
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4.2 GNSS test conditions

4.2.0

In this clause the terms GNSS and A-GNSS a so include the cases where the only satellite system used is GPS unless
otherwise stated.

General

4.2.1 GNSS signals

The GNSS signal is defined at the A-GNSS antenna connector of the UE. For UE with integral antennaonly, a
reference antenna with again of 0 dBi is assumed.

4.2.2

The GNSS signals shall be transmitted with a frequency accuracy of £ 0.025 PPM.

GNSS frequency

4.2.3

The propagation for the static performance measurement is an Additive White Gaussian Noise (AWGN) environment.
No fading and multi-paths exist for this propagation model.

GNSS static propagation conditions

4.2.4 GNSS multi-path conditions

Doppler frequency difference between direct and reflected signal pathsis applied to the carrier and code frequencies.
The Carrier and Code Doppler frequencies of LOS and multi-path for GNSS signals are defined in table 4.2.1.

Table 4.2.1: Multi-path Conditions for GNSS Signals

Initial relative Delay

Carrier Doppler

Code Doppler

Relative mean Power

[GNSS chip] frequency of tap [Hz] frequency of tap [Hz] [dB]
0 Fd Fd/N 0
X Fd-0.1 (Fd-0.1) /N Y
NOTE: Discrete Doppler frequency is used for each tap.

Where the X and Y depends on the GNSS signal type and is shown in Table 4.2.2, and N isthe ratio between the
transmitted carrier frequency of the signals and the transmitted chip rate as shown in Table 4.2.3 (wherek in Table 4.2.3
isthe GLONASS frequency channel number).

Table 4.2.2: Values of X and Y for GNSS Signals

System Signals X [m] Y [dB]
E1l 125 -4.5
Galileo E5a 15 -6
E5b 15 -6
L1 C/A 0.5 chip/ -6
. 150m
GPS/I\/CI;olggrnlzed Rl 125 45
L2C 150 -6
L5 15 -6
Gl 275 -12.5
GLONASS G2 275 -12.5
BDS B1l 75 -4.5
B1C 125 -4.5
B2a 15 -6
B3I 15 -6
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Table 4.2.3: Values of N for GNSS Signals

System Signals N
E1l 1540
Galileo E5a 115
E5b 118
L1 C/A 1540
GPS/Modernized L1C 1540
GPS L2C 1200
L5 115
Gl 3135.03 +k-1.10
GLONASS G2 2438.36 + k - 0.86
BDS B1l 763
B1C 1540
B2a 115
B3I 124

Theinitial carrier phase difference between taps shall be randomly selected between 0 and 2 &t radians. Theinitial value
shall have uniform random distribution.

4.2.5 UEs supporting multiple satellite signals

For UEs supporting multiple satellite signals, different minimum performance requirements may be associated with
different signals. The satellite simulator shall generate all signals supported by the UE. Signals not supported by the UE
do not need to be simulated. The relative power levels of each signal type for each GNSS are defined in Table 4.2.4.
Theindividual test scenariosin clauses 6, 7 and 13 define the reference signal power level for each satellite. The power
level of each simulated satellite signal type shall be set to the reference signal power level defined in each test scenario
in clauses 6, 7 and 13 plusthe relative power level defined in Table 4.2.4.

Table 4.2.4: Relative signal power levels for each signal type for each GNSS

Galileo GPS/Modernized GLONASS QZSS SBAS BDS
GPS

Signal power El | 0dB | LIC/A| OdB | GL | 0dB | L1 | 0dB |L1] 0dB | B1l | D1 | 0dB
levels relative to C/IA D2 | +5dB
reference power ["Eg | +2dB | LIC | +15dB | G2 | -6dB | LIC | +1.5dB BIC | D1 | 0dB
levels E5 | +2dB | L2C | -1.5dB L2C | -15dB B2a | D1 | 0dB
L5 | +3.6dB L5 | +3.6dB B3l | D1 | 0dB

D2 | +5dB

NOTE 1: For test cases which involve “Modernized GPS’, the satellite simulator shall also generate the GPS L1
C/A signd if the UE supports “GPS’ in addition to “Modernized GPS”.

NOTE 2: Thesignal power levelsin the Test Parameter Tables represent the total signal power of the satellite per
channel not e.g. pilot and data channels separately.

NOTE 3: For test cases which involve "BDS", D1 represents MEO/IGSO satellites for B1l, B1C, B3l and B2a
signal types and D2 represents GEO satellites for B11 and B3l signal types.

4.2.6 GNSS multi System Time Offsets

If more than one GNSS is used in atest, the accuracy of the GNSS-GNSS Time Offsets used at the system simulator
shall be better than 3 ns.
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4.3 UTRA test conditions

4.3.1 UTRA frequency band and frequency range

The UTRA testsin clauses 5 and 6 in the present document are performed at mid range of the UTRA operating
frequency band of the UE. The UARFCNSsto be used for mid range are defined in 3GPP TS 34.108 [28], clause 5.1.1.

If the UE supports multiple UTRA frequency bands then the Sensitivity testsin clauses 5.2 and 6.2 shall be repeated in
each supported UTRA frequency band.

4.3.2 UTRA frequency

For the UTRA testsin clause 5 the UTRA freguency shall be offset with respect to the nominal frequency by an amount
equal to the sum of +0.025 PPM and the offset in PPM of the actual transmitted GPS carrier frequency with respect to
the nominal GPS frequency.

4.3.3 Sensors

The UTRA testsin clause 6 shall be met without the use of any data coming from sensors that can aid the positioning. A
dedicated test message 'RESET UE POSITIONING STORED INFORMATION' has been defined in TS 34.109 [29] for
the purpose of disabling any such sensors.

4.4 E-UTRA test conditions

4.4.1 E-UTRA frequency band and frequency range

The E-UTRA A-GNSStestsin clause 7, MBS testsin clause 11, WLAN and BLE testsin clause 12 are performed on
the mid range EARFCN of the E-UTRA operating frequency band of the UE and the channel bandwidth as defined in
TS 36.508[18] clause 4.3.1.

If the UE supports multiple E-UTRA frequency bands then the A-GNSS Sensitivity testsin clause 7.1 shall be repeated
in each supported E-UTRA freguency band.

The E-UTRA ECID testsin clause 8 and the OTDOA testsin clauses 9 and 10 are performed on the EARFCN(s) of the
E-UTRA operating frequency band of the UE and the channel bandwidth(s) specified in the test cases and as defined in
TS 36.508 [18] clause 4.3.1 and 4.4.2.

4.4.2 Groups of bands

The E-UTRA tests use the band groupings defined in TS 36.521-3 [25] clause 3.5.1 in order to increase the readability
of the specification.

Table 4.4.2-1: Void
Table 4.4.2-2: Void

Table 4.4.2-3: Void

4.4.3 Sensors

All the minimum performance reguirementsin clause 7 shall be met without the use of any data coming from sensors
that can aid the positioning. A dedicated test message 'RESET UE POSITIONING STORED INFORMATION' has
been defined in TS 36.509 [11] for the purpose of disabling any such sensors.

4.4A  LPP transport mechanism for E-UTRA
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The E-UTRA A-GNSS minimum performance reguirements tested in this specification are agnostic as to whether the
LPP session is performed over the Control Plane or the User Plane. Thus, the E-UTRA A-GNSS test casesin clause 7
support both configurations. The user can select either of the two options to run the test.

4.5 A-GNSS test conditions

45.1 General

Clauses 5, 6, 7 and 13 define the minimum performance requirements for both UE based and UE assisted A-GNSS
UEs. If a UE supports both modes then it shall be tested in both modes.

4.5.2  UTRAN measurement parameters

4521 UE based A-GNSS measurement parameters

In case of UE-based A-GNSS, the measurement parameters are contained in the RRC UE POSITIONING POSITION
ESTIMATE INFO IE. The measurement parameter is the horizontal position estimate reported by the UE and expressed
in latitude/longitude.

45.2.2 UE assisted A-GNSS measurement parameters

In case of UE-assisted A-GNSS, the measurement parameters are contained in the RRC UE POSITIONING GANSS
MEASURED RESULTS |E and/or the RRC UE POSITIONING GPS MEASURED RESULTS |E. The measurement
parameters are the UE GANSS Code Phase measurements and/or the UE GPS Code Phase measurements, as specified
in 3GPP TS 25.302 [32] and 3GPP TS 25.215 [33]. The UE GANSS Code Phase measurements and/or the UE GPS
Code Phase measurements are converted into a horizontal position estimate using the procedure detailed in Annex B.

4523 2D position error

The 2D position error is defined by the horizontal difference in meters between the ellipsoid point reported or calculated
from the UE Measurement Report and the actual simulated position of the UE in the test case considered.

45.2.4 Response time

Max Response Time is defined as the time starting from the moment that the UE has received the final RRC
measurement control message containing reporting criteria different from "No Reporting” sent before the UE sends the
measurement report containing the position estimate or the GANSS and/or GPS measured result, and ending when the
UE starts sending the measurement report containing the position estimate or the GANSS and/or GPS measured result
on the Uu interface. The response times specified for all test cases are Time-to-First-Fix (TTFF) unless otherwise stated,
i.e. the UE shall not re-use any information on GNSS time, location or other aiding data that was previously acquired or
calculated and stored internally in the UE. A dedicated test message 'RESET UE POSITIONING STORED
INFORMATION' specified in 3GPP TS 34.109 [29], clause 5.4, has been defined for the purpose of deleting this
information.

4.5.3 E-UTRAN and NR measurement parameters

4531 UE based A-GNSS measurement parameters

In case of UE-based A-GNSS, the measurement parameters are contained in the L PP GNSS-Locationlnformation |1E
which isincluded in the A-GNSS-ProvideLocationlnformation | E provided in the L PP message of type PROVIDE
LOCATION INFORMATION. The measurement parameter in case of UE-based A-GNSSis the horizontal position
estimate reported by the UE and expressed in latitude/longitude.

45.3.2 UE assisted A-GNSS measurement parameters

In case of UE-assisted A-GNSS, the measurement parameters are contained in the LPP
GNSS-SgnalMeasurementl nformation |E which is included in the A-GNSS-ProvideLocationlnformation |E provided in
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the L PP message of type PROVIDE LOCATION INFORMATION. The measurement parametersin case of UE-
assisted A-GNSS are the UE GNSS code phase measurements, as specified in TS 36.302 [5] and TS 36.214 [6]. The UE
GNSS code phase measurements are converted into a horizontal position estimate using the procedure detailed in
Annex B.

4533 2D Error definition

The 2D position error is defined by the horizontal difference in meters between the ellipsoid point reported or calculated
from the LPP message of type PROVIDE LOCATION INFORMATION and the actual position of the UE in the test
case considered.

45.3.4 Response time

Max Response Time is defined as the time starting from the moment that the UE has received the L PP message of type
REQUEST LOCATION INFORMATION, and ending when the UE starts sending the L PP message of type PROVIDE
LOCATION INFORMATION on the Uu interface. The response times specified for all test cases are Time-to-First-Fix
(TTFF) unless otherwise stated, i.e. the UE shall not re-use any information on GNSS time, location or other aiding data
that was previoudly acquired or calculated and stored internally in the UE. A dedicated test message 'RESET UE
POSITIONING STORED INFORMATION' has been defined in TS 36.509 [11] clause 6.9 and in TS 38.509 [44]

clause 6.3.5 for the purpose of deleting thisinformation.

4.5.4  Converting A-GNSS UE-assisted measurement reports into position
estimates
To convert the A-GNSS UE measurement reportsin case of UE-assisted mode of A-GNSS into position errors, a

transformation between the "measurement domain" (code-phases, etc.) into the "state" domain (position estimate) is
necessary. Such atransformation procedure is outlined in Annex B.

4.6 ECID test conditions

46.1 Simulated cells

For the ECID performance test casesin clause 8.1, a cell environment as defined in 3GPP TS 36.508 [18] with Cell 1is
used. The default parameters for simulated cells are the same as specified in 3GPP TS 36.508 [18].

4.6.2 Propagation conditions

46.2.1 Static

See TS 36.521-1 [24] clause B.1.

4.6.2.2 Multi-path fading

See TS 36.521-1[24] clauses B.2, B.2.1 and B.2.2.

4.6.3 UE Rx - Tx time difference reporting range

The reporting range of FDD UE Rx - Tx time difference is defined from 0 to 20472Ts with 2T resolution for UE Rx -
Tx time difference less than 4096Ts and 8Ts for UE Rx - Tx time difference equal to or greater than 4096Ts.

The mapping of measured quantity for FDD is defined in Table 4.6.3-1.

Table 4.6.3-1: FDD UE Rx - Tx time difference measurement report mapping

Reported value Measured quantity value Unit
RX-TX_TIME_DIFFERENCE_FDD TUE RxTx < 2 Ts
0000
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RX-TX_TIME_DIFFERENCE_FDD 2<Tueretx<4 Ts
0001
RX-TX_TIME_DIFFERENCE_FDD 4<TuErxTx <6 Ts
0002
RX-TX_TIME_DIFFERENCE_FDD 4092 < Tue rxTx < 4094 Ts
2046
RX-TX_TIME_DIFFERENCE_FDD 4094 < Tue rx7x < 4096 Ts
2047
RX-TX_TIME_DIFFERENCE_FDD 4096 < Tue rxTx < 4104 Ts
2048
RX-TX_TIME_DIFFERENCE_FDD 4104 < Tue reTx < 4112 Ts
2049
RX-TX_TIME_DIFFERENCE_FDD 20456 < Tue rx-Tx < 20464 Ts
4093
RX-TX_TIME_DIFFERENCE_FDD 20464 < Tue rxTx < 20472 Ts
4094
RX-TX_TIME_DIFFERENCE_FDD 20472 < Tue Re-Tx Ts
4095

The reporting range of TDD UE Rx - Tx time difference is defined from 624 to 21096Ts with 2Ts resolution for UE Rx
- Tx time difference less than 4720T and 8Tsfor UE Rx - Tx time difference equal to or greater than 4720Ts.

The mapping of measured quantity for TDD is defined in Table 4.6.3-2.

Table 4.6.3-2: TDD UE Rx - Tx time difference measurement report mapping

Reported value Measured quantity value Unit
RX-TX_TIME_DIFFERENCE_TDD_0000 Tue rx-Tx < 626 Ts
RX-TX_TIME_DIFFERENCE_TDD_0001 626 < Tue rx-Tx < 628 Ts
RX-TX_TIME_DIFFERENCE_TDD_0002 628 < Tue rx-Tx < 630 Ts
RX-TX_TIME_DIFFERENCE_TDD_2046 4716 < TuerxTx < 4718 Ts
RX-TX_TIME_DIFFERENCE_TDD_2047 4718 < TuerxTx < 4720 Ts
RX-TX_TIME_DIFFERENCE_TDD_2048 4720 < Tue rxTx < 4728 Ts
RX-TX_TIME_DIFFERENCE_TDD_2049 4728 < Tuerx-Tx < 4736 Ts
RX-TX_TIME_DIFFERENCE_TDD_4093 21080 < Tue rx-1x < 21088 Ts
RX-TX_TIME_DIFFERENCE_TDD_4094 21088 < Tue rx-1x < 21096 Ts
RX-TX_TIME_DIFFERENCE_TDD_4095 21096 < TuE Rx-Tx Ts

4.7 OTDOA test conditions

4.7.1 Simulated cells

For the intra-frequency OTDOA measurement test casesin clause 9.1, amulti cell environment as defined in 3GPP TS
36.508 [18] with Cell 1, Cell 2, and Cell 4 (if needed in the test) is used.

For the inter-frequency OTDOA measurement test casesin clause 9.2, amulti cell environment as defined in 3SGPP TS
36.508 [18] with Cell 1 (called Cell 1 inthetests), Cell 3 (called Cell 2 in the tests), and Cell 6 (called Cell 3inthe

tests) (if needed in the test) is used.

For the intra-frequency OTDOA measurement test cases for UE Category M1/M2 in clause 9.3, amulti cell
environment as defined in 3GPP TS 36.508 [18] with Cell 1, Cell 2, and Cell 4 (if needed in the test) is used.

For the inter-frequency OTDOA measurement test cases for UE Category M1/M2 in clause 9.4, amulti cell
environment as defined in 3GPP TS 36.508 [18] with Cell 1 (called Cell 1 in thetests), Cell 3 (called Cell 2 in the tests),
and Cell 6 (caled Cell 3in the tests) (if needed in the test) is used.
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For the intra-frequency NB-1OT OTDOA measurement accuracy test casesin clause 9.5, amulti cell environment with
LTE Cell 1 and Cell 1a(see 3GPP TS 36.508 [18] Clause 4.4.2) and NB-1OT Ncell 1 and Ncell 1a(see 3GPP TS
36.508 [18] Clause 8.1.4.2) is used.

For the intra-frequency NB-1OT OTDOA measurement reporting delay test casesin clause 9.5, amulti cell environment
with NB-1OT Ncell 1, Ncell 1laand Ncell 2 (see 3GPP TS 36.508 [18] Clause 8.1.4.2) is used.

For the inter-frequency NB-10T OTDOA measurement accuracy test casesin clause 9.6, amulti cell environment with
LTE Cell 1 and Cell 1a(see 3GPP TS 36.508 [18] Clause 4.4.2) and NB-10T Ncell 1 and Ncell 1a(see 3GPP TS
36.508 [18] Clause 8.1.4.2) is used.

For the inter-frequency NB-10T OTDOA measurement reporting delay test casesin clause 9.9, amulti cell environment
with NB-1OT Ncell 1, Ncell laand Ncell 2 (see 3GPP TS 36.508 [18] Clause 8.1.4.2) is used.

For the OTDOA measurement test cases for Carrier Aggregation in clause 10, a multi cell environment is used with

Cell 1 asthe PCell on the PCC, Cell 2 isan active SCell on the SCC, and Cell 3 isaneighbour cell on the SCC. For the
OTDOA measurement test cases for 3 DL Carrier Aggregation in clause 10, a multi cell environment is used with Cell 1
asthe PCell on the PCC, Cell 2 isan active SCell on SCC1, Cell 3isan active SCell on SCC2and Cell 4 is a neighbour
cell on SCC2.

The default parameters for simulated cells are the same as specified in 3GPP TS 36.508 [18], with the following
exceptions:

- All cellstransmit PRS according to the PRS configuration provided in the OTDOA assistance data defined for
each test. The positioning subframes are low-interference subframes, i.e. contain no PDSCH transmissions.

- Thephysical layer cell identities are selected such that the relative shifts of PRS patterns among cells used in the
tests are as given by the test parameters of the individual test cases.

- The cells shall be synchronized and the timing offset (the RSTD) between the cells referenced to the UE's
antennainput is given in the individual test cases.

4.7.2 Propagation conditions

4721 Static

See TS 36.521-1 [24] clause B.1.

4.7.2.2 Multi-path fading

See TS 36.521-1[24] clauses B.2, B.2.1 and B.2.2.

4.7.3 Response time

The response time is defined as the time starting from the moment that the UE has received the L PP message of type
REQUEST LOCATION INFORMATION, and ending when the UE starts sending the L PP message of type PROVIDE
LOCATION INFORMATION on the Uu interface. The response time specified for the Measurement Reporting Delay
test cases assumes that the UE shall not reuse any RSTD information or other aiding data that was previously acquired
and stored internally in the UE. A dedicated test message 'RESET UE POSITIONING STORED INFORMATION' has
been defined in TS 36.509 [11] clause 6.9 and in TS 38.509 [44] clause 6.3.5 for the purpose of deleting this
information.

4.7.4 RSTD reporting range

The reporting range of RSTD is defined from -15391T5s to 15391Ts with 1Ts resolution for absolute value of RSTD less
or equal to 4096T and 5Ts for absolute value of RSTD greater than 4096Ts.

The mapping of measured quantity is defined in Table 4.7.4-1.

Table 4.7.4-1: RSTD report mapping

Reported Value | Measured Quantity Value | Unit
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RSTD_0000 -15391 > RSTD Ts
RSTD_0001 -15391 < RSTD < -15386 Ts
RSTD_2258 -4106 < RSTD < -4101 Ts
RSTD_2259 -4101 < RSTD < -4096 Ts
RSTD_2260 -4096 < RSTD < -4095 Ts
RSTD_2261 -4095 < RSTD < -4094 Ts
RSTD_6353 -3<RSTD<-2 Ts
RSTD_6354 -2<RSTD<-1 Ts
RSTD_6355 -1<RSTD<0 Ts
RSTD_6356 0<RSTD<1 Ts
RSTD_6357 1<RSTD<?2 Ts
RSTD_6358 2<RSTD<3 Ts
RSTD_10450 4094 < RSTD < 4095 Ts
RSTD_10451 4095 < RSTD < 4096 Ts
RSTD_10452 4096 < RSTD < 4101 Ts
RSTD_10453 4101 < RSTD < 4106 Ts
RSTD_12709 15381 < RSTD < 15386 Ts
RSTD_12710 15386 < RSTD < 15391 Ts
RSTD 12711 15391 < RSTD Ts

4.7.5 RSTD Carrier Aggregation Test Cases with Different Channel
Bandwidth Combinations

RSTD carrier aggregation test cases may be defined with different channel bandwidth combinations to verify the same
requirement.

If multiple carrier aggregation test cases with different channel bandwidth combinations are defined to verify the same
requirement that is channel bandwidth independent, then the UE needs to be tested only with one bandwidth
combination out of the bandwidth combination sets supported by that UE.

4.8 MBS test conditions

4.8.1 MBS signals

A single or multi MBS beacon environment, depending on the test, is used.

The MBS signd is defined at the antenna connector of the UE. For UE with integral antenna only, areference antenna
with again of 0 dBi is assumed.

The beacons shall be synchronized, and the beacon code phase delays are defined in each test. The MBS signals shall be
transmitted with a frequency accuracy of £ 2.5 PPM from the specified MBS carrier centre frequency.

4.8.2 Propagation conditions

48.2.1 Static
See TS 36.521-1 [24] clause B.1.
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4.8.2.2 Multi-path fading

According to the Extended Pedestrian A model with a Maximum Doppler frequency of 5Hz (EPA 5Hz) in TS 36.521-1
[24] clausesB.2, B.2.1 and B.2.2.

4.8.3 Response time

The response time is defined as the time starting from the moment that the UE has received the L PP message of type
REQUEST LOCATION INFORMATION, and ending when the UE starts sending the L PP message of type PROVIDE
LOCATION INFORMATION on the Uu interface. The response time specified for the M easurement Reporting Delay
test case assumes that the UE shall not reuse any information that was previously acquired and stored internally in the
UE. A dedicated test message 'RESET UE POSITIONING STORED INFORMATION' has been defined in TS 36.509
[11] clause 6.9 and in TS 38.509 [44] clause 6.3.5 for the purpose of deleting thisinformation.

4.9 WLAN test conditions

49.1 Simulated WLAN Access Points
A multi-WLAN AP environment is used.

The WLAN signa is defined at the antenna connector of the UE. For UE with integral antenna only, areference antenna
with again of 0 dBi is assumed.

The beacon signals from multiple WLAN APs shall be available at the UE with a periodicity of at least 102.4 ms
(Beacon Interval). In order to ensure that the UE is in passive scan mode, thisinterval can be reduced. Beacon signals
from different APs shall be received at different time slots or in non-overlapping frequency channels. Non-overlapping
frequency channels shall be at least 25 MHz apart in the WLAN 2.4 GHz band and at least 20 MHz apart in the WLAN
5 GHz band.

The WLAN Test Frequency IDsto be used during the tests are specified in the test cases and are as defined in TS
36.508 [18] clause 4.3.1.6.

4.9.2 Propagation conditions

4921 Static

See TS 36.521-1 [24] clause B.1.

4.9.3 Response time

The response time is defined as the time starting from the moment that the UE has received the L PP message of type
REQUEST LOCATION INFORMATION, and ending when the UE starts sending the L PP message of type PROVIDE
LOCATION INFORMATION on the Uu interface. The response time specified for the M easurement Reporting Delay
test case assumes that the UE shall not reuse any information that was previously acquired and stored internally in the
UE. A dedicated test message 'RESET UE POSITIONING STORED INFORMATION' has been defined in TS 36.509
[11] clause 6.9 and in TS 38.509 [44] clause 6.3.5 for the purpose of deleting thisinformation.

49.4 Void

4.10 BLE test conditions

4.10.1 Simulated BLE

A multi-BLE device environment is used.

The BLE signal is defined at the antenna connector of the UE. For UE with integral antenna only, a reference antenna
with again of 0 dBi isassumed.
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The beacon signals from multiple BLE devices shall be available at the UE with a broadcast interval of 100 ms. Signals
from different BLE devices shall be received at different time slots or in non-overlapping BLE advertising frequency
channels. The BLE advertising channels are Channel 37 (2402 MHz), Channel 38 (2426 MHZz) and Channel 39 (2480
MH2z). The beacons shall be of type Non-Connectable Advertising beacons.

4.10.2 Propagation conditions

4.10.2.1 Static

See TS 36.521-1 [24] clause B.1.

4.10.3 Response time

The response time is defined as the time starting from the moment that the UE has received the L PP message of type
REQUEST LOCATION INFORMATION, and ending when the UE starts sending the L PP message of type PROVIDE
LOCATION INFORMATION on the Uu interface. The response time specified for the M easurement Reporting Delay
test case assumes that the UE shall not reuse any information that was previously acquired and stored internally in the

UE. A dedicated test message 'RESET UE POSITIONING STORED INFORMATION' has been defined in TS 36.509
[11] clause 6.9 and in TS 38.509 [44] clause 6.3.5 for the purpose of deleting this information.

4.11 NB-IOT test conditions

4.11.1 Groups of bands

The NB-10T tests use the band groupings defined in TS 36.521-3 [25] clause 3.5.1 in order to increase the readability
of the specification

Table 4.11.1-1: Void

4.11.2 NB-IOT inband mode

The E-UTRA donor cell shall use the settings defined in Clause 4.4.1 unless otherwise stated.

4.12 NR test conditions

4.12.1 NR terminology

The terminology used in this specification for NR architecture optionsis described below.

Table 4.12.1-1: NR terminology

Terminology Abbreviation
NSA
E-UTRA-NR Dual Connectivity EN-DC
NR-E-UTRA Dual Connectivity NE-DC
NG-RAN E-UTRA-NR Dual Connectivity NGEN-DC
SA
NG-RAN NR Radio Access NG-RAN NR
NG-RAN E-UTRA Radio Access NG-RAN E-UTRA

4.12.2 NR frequency band and frequency range
The A-GNSStestsin clause 13, MBStestsin clause 11, WLAN testsin clause 15 and BLE testsin clause 16 are, where

relevant, performed on the NR test frequency and default channel bandwidth of the NR operating frequency band of the
UE asdefined in TS 38.508-1 [45] clause 4.3.1. .
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The A-GNSS requirements and tests in clause 13 apply for NR UE in FR1 and FR2.

If connectivity isNR (see TS 38.508-1 [45] clause 4.5) and if the UE supports multiple NR frequency bands then the A-
GNSS Sensitivity testsin clause 13.2 shall be repeated in each supported NR frequency band.

If connectivity isEN-DC (see TS 38.508-1 [45] clause 4.5) and if the UE supports multiple EN-DC configurations, then
the A-GNSS Sensitivity testsin clause 13.2 shall be performed in one EN-DC band combination in each of the
applicable frequency group combination as specified in clause 4.12.6.

The NR OTDOA testsin clause 14 are performed on the ARFCN(s) of the operating frequency band of the UE and the
channel bandwidth(s) specified in the test cases and as defined in FFS.
4.12.3 Groups of bands

The NR tests use the band groupings defined in TS 38.533 [47] clause 3A.4 in order to increase the readability of the
specification.

Table 4.12.3-1: Void

Table 4.12.3-2: Void

4.12.4 Sensors

All the minimum performance requirements in clause 13 shall be met without the use of any data coming from sensors
that can aid the positioning. A dedicated test message 'RESET UE POSITIONING STORED INFORMATION' has
been defined in TS 38.509 [44] clause 6.3.5 for the purpose of disabling any such sensors.

4.12.5 Default signal conditions for FR2

For NR FR2, the connection between the SS and the DUT shall be OTA.

For the RAT-Independent test cases defined in clause 13, the SS shall ensure that a stable OTA link between the SS and
the DUT can be established and maintai ned throughout the test. Thislink shall be sufficient to provide stable L PP
message transmissions between the SS and the DUT. The connection for the other technologies (i.e. non-NR) used for
thetestsin clause 13 (e.g. LTE, GNSS, WLAN ...) shall be conducted.

For the RAT-Dependent test cases defined in clauses 14, 15 and 16, a calibrated NR FR2 signal isrequired. The
requirements OTA test method are defined in clause 7.1.3 of TS 38.508-1 [45].
4.12.6 Frequency Bands for Testing

4.12.6.1 EN-DC band combination groups

For the A-GNSS sensitivity requirementsin EN-DC operation mode with uplink assigned to E-UTRA and NR
frequency bands, the A-GNSS Sensitivity testsin clause 13.2 shall be performed in one EN-DC band combination in
each of the supported frequency group combination specified in TS 38.171 [43] Table B.1.13.1-1, where the frequency
groups are defined in TS 38.171 [43] Table B.1.13.1-2.

4.12.6.2 Applicable EN-DC band combinations for performing A-GNSS Sensitivity
Requirements

The A-GNSS Sensitivity tests in clause 13.2 when in EN-DC operation mode shall be performed in EN-DC band
combinations that can generate second or third order intermodulation products falling into the following GNSS receiver
bands for the particular GNSS (where supported by the UE):

- GPSL1C/A: 1574.3970 — 1576.4430 MHz
- GaileoE1/GPSL1C: 1573.3740 —1577.4660 MHz
- GLONASSGL: 1597.5515 — 1605.8860 MHz
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- BDSBI1I: 1559.0520 — 1563.1440 MHz

For each frequency group combinationin TS 38.171 [43] Table B.1.13.2-1, in the case that the UE supports only one
GNSS, only one EN-DC band combination shall be used for testing for the supported GNSS. In the case the UE
supports more than one GNSS then the one EN-DC band combination used for testing shall be common across the
supported GNSSs unless there is no common EN-DC band combination in which case the tests shall be repeated as
necessary.

4.12.6.3 Test frequencies for EN-DC band combinations

For performing the A-GNSS Sensitivity testsin clause 13.2 in EN-DC operation mode, the E-UTRA and NR
frequencies and channel configurations shall be selected to ensure the intermodulation products fall into the GNSS
receiver bands as defined in TS 38.171 [43] clause B.1.13.2 for the particular GNSS.

4.13 LPP transport mechanism for NR

The NR A-GNSS minimum performance requirements tested in this specification are agnostic as to whether the LPP
session is performed over the Control Plane or the User Plane. Thus, the NR A-GNSStest casesin clause 13 support
both configurations. The user can select either of the two options to run the test.

4.14 Multi-RTT test conditions

4.14.1 Simulated cells

For the Multi-RTT measurement test casesin clause 15 a cell environment as defined in 3GPP TS 38.508-1 [45] with
NR Cell 1 and NR cell 2 are used. The default parameters for simulated cells are the same as specified in 3aGPP TS
38.508-1 [45].

4.14.2 Propagation conditions

See TS 38533 [47] clause C 2.
4.14.3 Measurement Reporting Requirements

41431 Measurement Reporting Requirements in RRC_CONNECTED state

This requirement assumes that the measurement report is not delayed by other LPP signalling on the DCCH. This
measurement reporting delay excludes a delay uncertainty resulted when inserting the measurement report to the TTI of
the uplink DCCH. The delay uncertainty is: 2 x TTIDCCH where TTIDCCH isthe duration of subframe or slot or
subslot when the measurement report is transmitted on the PUSCH with subframe or dot or subslot duration. This
measurement reporting delay excludes any delay caused by no UL resources for UE to send the measurement report.

4.14.3.2 Measurement Reporting Requirements in RRC_INACTIVE state
See TS 38.133 [50] clause 5.6.4.4.

4.14.4 Measurement Period Requirements

4.14.4.1 Measurement Period Requirements within Measurement Gaps

When physical layer receiveslast of NR-Multi-RTT-ProvideAssistanceData message and NR-Multi-RTT-
RequestLocationl nformation message from LMF via LPP [49], UE shall be able to measure multiple (up to the UE
capability specified in TS 38.133 clause 9.9.4.3) UE Rx-Tx time difference measurements as defined in TS 38.215 [57]
in configured positioning frequency layers within the measurement period Tygrxrx Total MS.

TukRrxTx, Totd = 2i=1 Tuprxtxi + (L — 1) * maX(Teffect,i)'

where i isthe index of positioning frequency layer,
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Tuerxtx, 1S the measurement period for UE Rx-Tx time difference measurements in positioning frequency layer i
as further defined in this clause,

L istotal number of positioning frequency layers, and

Tefrect; 1S the periodicity of the UE Rx-Tx time difference measurement in positioning frequency layer i as
defined further in this clause.

slot. L .
PRS,|][ available_PRS,i

TUERxTx,i = (kmultiTEG,i * CSSFi * Ceil( Kp,PRS,i) * NRxBeam,i * | N’ N ] * Nsample - 1) * Teffect,i

+ Tiasti
Where

CSSF; isthe carrier-specific scaling factor for NR PRS-based measurement in the positioning frequency layer i as
defined in TS 38.133 clause 9.1.5.2,

kmueirec i 18 the scaling factor for measurement of same PRS resource with multiple Rx TEGs.

kmuiriree ;=1 1f UE is not requested by LMF to measure a PRS resource with multiple Rx TEGs via
measureSameDL-PRS-ResourceWithDifferentRXTEGs-r17 or measureSameDL-PRS-
ResourceWithDifferentRXTXTEGs-r17 [49] in NR-Multi-RTT-RequestLocationl nformation;

otherwise,

kmuiriree=NrE6 i, If UE is not capable of receiving same DL PRS resource simultaneously from multiple Rx
TEGs, and
NTEG,i

Komwititec :[kms — i] if UE is capable of receiving the same DL PRS resource simultaneously from

multiple Rx TEGs.
where

Nrgg,; isthe number of Rx TEGs or RxTx TEGs with which UE is requested to measure a PRS resource
indicated via measureSameDL-PRS-Resour ceWithDifferentRXTEGs-r17 or measureSameDL-PRS
ResourceWithDifferentRXTXTEGs-r17 [49] in NR-Multi-RTT-RequestLocationlnformation, and in case ‘'n0’ is
indicated, Nygg ; isthe maximum number of Rx TEGs with which UE can support to measure the same PRS
resource as reported in NR-UE-TEG-Capability, and

krEG simur,; 1S the number of Rx TEGs UE can measure simultaneously which is reported via
measureSameDL-PRS ResourceWithDifferentRXTEGsS mul.

K, prs,i ISascaling factor for a positioning frequency layer to be measured within the associated measurement
gap pattern, which is defined as K prs;i = Niota / Navailanie for UE configured with concurrent measurement gap,
and K, prs,i = 1 for UE not configured with concurrent measurement gap.

For awindow W of duration max(Tpgs ;, MGRP_max), where MGRP max is the maximum MGRP across
configured per-UE MG and per-FR MG within the same FR as the positioning frequency layer, and starting
at the beginning of any associated gap occasions covering the PRS occasion:

Niotal 1S the total number of associated gap occasions covering PRS occasions within the window,
including both dropped and non-dropped instances of the associated measurement gap within the window,
and

Navailavle IS the number of non-dropped associated gap occasions covering PRS occasions within the
window W, after further accounting for MG collisions by applying the selected gap collision rule

Requirements do not apply if Navailasie =0.

Ngxpeam,i 1S the scaling factor for Rx beam sweeping, and Ng,peqm =1 if positioning frequency layer i isin FR1 and if
positioning frequency layer i isin FR2, Ng,peqm i 1S €qual to the value reported by the UE in
supportedLower RxBeamSweepingFactor-FR2 if the UE supports the capability for the band containing positioning
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frequency layer i, and the LMF indicates | ower RxBeamSweepingFactor-FR2 in NR-Multi-RTT-
RequestLocationlnformation. Ngypeqm ; 1S €gual to 8, otherwise.

Lavaitabie prs,i 1Sthetime duration of available PRS resources in the positioning frequency layer i, to be measured
during Tpyaianie prs,i> @nd is calculated in the same way as PRS duration K defined in clause 5.1.6.5 of TS 38.214 [56].
For calculation of Lgyqi1ap1e prs,i ONlY the PRS resources unmuted and fully or partially overlapped with MG are
considered.

Nglgg,i is the maximum number of DL PRS resources of positioning frequency layer i configured in aslot,

{N, T} is UE capability combination per band where N is a duration of DL PRS symbolsin ms corresponding to
durationOfPRS-ProcessingSysmbolsin TS 37.355 [49] processed every T ms corresponding to durationOfPRS-
ProcessingSymbolsinEveryTms in TS 37.355 [49] for a given maximum bandwidth supported by UE
corresponding to supportedBandwidthPRSin clause 4.2.7.2 of TS 37.355 [49],

N’ is UE capability for number of DL PRS resources that it can processin aslot corresponding to maxNumOfDL-
PRS- ResProcessedPer Jot as specified in clause 6.4.3 of TS 37.355 [49],

Ngampie 1S the number of UE Rx-Tx time difference measurement samples:

Ngampie= 4 if the UE is not capable of supportedDL-PRS-ProcessingSamples-RRC-CONNECTED defined in
[49].

- Nsampie= 1if the UE is capable of supportedDL-PRS-ProcessingSamples-RRC-CONNECTED defined in
[49] and LMF requests the UE to perform positioning measurements with reduced number of samples by
reducedDL-PRS-ProcessingSamples [34] and the following conditions are met:

- PRS bandwidth is within the active BWP and

- Magnitude of difference between the serving cell’s SS-RSRP and the neighbor cell’s PRS-RSRP is within
6 dB.

- Nsampie= 2if the UE is capable of supportedDL-PRS-ProcessingSamples-RRC-CONNECTED defined in
[49] and the LMF requests the UE to perform positioning measurements with reduced number of samples by
reducedDL-PRS-ProcessingSamples [34] but the following conditions are not met:

- PRS bandwidth is within the active BWP and

- Magnitude of difference between the serving cell’s SS-RSRP and the neighbor cell’s PRS-RSRP is within
6 dB.

Ngampie= 4 Otherwise.

Th.s¢1S the measurement duration for the last UE Rx-Tx time difference measurement sample in the positioning
layer i, including the sampling time and processing time, 7,,s.; =T; + Tavaitabie prs,i »

Tesrect; 1S Periodicity of UE Rx-Tx time difference measurement in positioning frequency layer i:

T;

Teffect,i = [ l * Tavailable,PRS,i

Tavailable,PR.S‘,i

where
T; corresponds to durationOfPRS-ProcessingSymbolsinEveryTms in TS 37.355 [49],
Tuvaitabie_prs; = LCM(Tpgs;, MGRP,), the least common multiple between Tpgs; and MGRP;
MGRP; isthe measurement gap repetition periodicity in positioning frequency layer i.

Tprs,; iSthe PRS resource periodicity in positioning frequency layer i. If the positioning frequency layer i has more than

one DL PRS resource sets with different PRS periodicities with muting, Tyme """ ™9 = Nypimg * TEES, the least
common multiple of Ty ™" ™9 among DL PRS resource sets is used to derive Tpgs;, where

Tyer isthe periodicity of PRS resource sets given by the higher-layer parameter DL-PRS-Periodicity.
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Niuting 1S the scaling factor considering PRS resource muting. Nyying = Trating * Lmuting, Where Tpid, o is

the muting repetition factor given by the higher-layer parameter DL-PRS-MutingBitRepetitionFactor, and Ly,¢ing IS
the size of the bitmap {b*}
4.14.4.2 Measurement Period Requirements without Measurement Gaps

See TS 38.133 [50] clause 9.9.4.6.

4.14.4.3 Measurement Period Requirements in RRC_INACTIVE state
See TS 38.133[50] clause 5.6.4.5

4.14.5 Measurement Accuracy Requirements
The UE Rx-Tx time difference measurement accuracy requirementsin this clause shall not apply, if:
Nra_offset defined in TS 38.133 Table 7.1.2-2 changes during the UE Rx-Tx measurement period or

if the uplink transmission timing changes during the UE Rx-Tx measurement period due to the network-configured
Timing Advance.

The UE Rx-Tx time difference measurement accuracy requirements in this clause shall apply provided that:

- The UE transmits SRS within [-160, 160] msec of at least one DL PRS resource of each of the TRPsin the
assistance data.

If the uplink transmission timing changes during the UE Rx-Tx measurement period due to the autonomous timing
adjustment defined in TS 38.133 clause 7.1.2 then:

- UE Rx-Tx measurement accuracy requirements shall apply for acell, which is also the downlink reference cell
(defined in TS 38.133 section 7.1.1) for SRS transmission even if the uplink transmission timing changes during
the UE Rx-Tx measurement period due to autonomous adjustment.

- UE Rx-Tx measurement accuracy requirements shall not apply for acell, which is not the downlink reference
cell (defined in TS 38.133 section 7.1.1) for SRS transmission, if the uplink transmission timing changes during
the UE Rx-Tx measurement period due to autonomous adjustment.

When a serving cell change occurs during the UE Rx-Tx measurement period, the UE Rx-Tx time difference
measurement accuracy requirements in this clause shall apply provided that the serving cell change does not impact
SRS configuration for the UE Rx-Tx measurement.

Note: The requirements for fading channel in this clause are derived based on TDL-A (30 nsdelay spread, 5Hz) and
TDL-C (60 ns delay spread, 300 Hz) channel models for FR1 and FR2 respectively.

The accuracy requirementsin Table 4.14.5-1 for FR1 are valid under the following conditions:
Conditions defined in clause 7.3 of TS 38.101-1 [54] for reference sensitivity are fulfilled.
PRP|4em according to TS 38.133 Annex B.2.14 for a corresponding Band.

AWGN propagation condition.

Table 4.14.5-1: UE Rx-Tx time difference measurement accuracy in FR1 in AWGN

Conditions
Minimum | PRS PRS resource NR operating band loNote4 range
Accuracy EPF;lSt PRS SCS | repetition (Tfes * groupshote2 Minimum Maximum
sflo bandwidth LPRS/KchnS;bNmes JoNote 1 o
kHz dBm/
Note 5
e 9® RE SCSers dBm/BW
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224 15 NR_FDD_FR1_A,
NR_TDD_FR1_A, -121
NR SDL FR1 A
NR FDD FR1 B -120.5
NR _TDD FR1 C -120
NR_FDD_FR1_D,
+ 78+ 24 NR_TDD_FR1 D -119.5 -50
-3 NR_FDD_FRL E, 110
NR TDD FR1 E
NR_FDD FR1 F -118.5
NR_FDD FR1 G -118
NR FDD FR1 H -117.5
+ 59+5 252 21 Note 6 Note 6 Note 6
+ 30+5 >104 21 Note 6 Note 6 Note 6
224 30 NR_FDD_FR1_A,
NR_TDD_FR1_A, -118
NR_SDL FR1 A
NR_FDD FR1 B -117.5
NR TDD FR1 C -117
NR_FDD_FR1_D,
£ 57+5 24 NR_TDD_FR1 D 1165 -0
NR_FDD_FR1_E,
NR TDD FR1 E -116
NR FDD FR1 F -115.5
NR FDD FR1 G -115
NR_FDD FR1 H -114.5
+ 30+3 248 21 NOTE 6 NOTE 6 NOTE 6
+ 15+6 2132 21 NOTE 6 NOTE 6 NOTE 6
+20+§ 224 60 NR_FDD_FR1_A,
NR_TDD FR1 A, -115
NR SDL FR1 A
NR_FDD FR1 B -114.5
NR_TDD FR1 C -114
NR_FDD_FR1_D,
24 NR_TDD_FRL D 1135 -50
NR_FDD_FR1_E,
NR_TDD_FR1 E 113
NR_FDD FR1 F -113.5
NR FDD FR1 G -113
NR FDD FR1 H -111.5
+ 1546 2 64 21 NOTE 6 NOTE 6 NOTE 6
+ 748 2132 21 NOTE 6 NOTE 6 NOTE 6
+101+8 224 15 24 NOTE 6 NOTE 6 NOTE 6
+ 75+6 -13 252 21 NOTE 6 NOTE 6 NOTE 6
+ 37+3 >104 21 NOTE 6 NOTE 6 NOTE 6
+ 58+3 224 30 24 NOTE 6 NOTE 6 NOTE 6
+ 39+3 248 21 NOTE 6 NOTE 6 NOTE 6
+ 16+6 2132 21 NOTE 6 NOTE 6 NOTE 6
+ 36+3 224 60 24 NOTE 6 NOTE 6 NOTE 6
+16+9 264 21 NOTE 6 NOTE 6 NOTE 6
+ 8+6 2132 21 NOTE 6 NOTE 6 NOTE 6
NOTE 1: This minimum lo condition is expressed as the average lo per RE over all REs in an OFDM symbol.
NOTE 2: NR operating band groups are as defined in TS 38.133 Section 3.5.
NOTE 3: TERS, Lprs , Koy, are configured by higher layer parameter dI-PRS-ResourceRepetitionFactor, dI-PRS-
NumSymbols and dI-PRS-CombSizeNdefined in TS 37.355 [49].
NOTE 4: The lo is defined in PRS slots. The same lo range applies to PRS and non-PRS symbols. lo levels are different in
PRS and non-PRS symbols within the same slot.
NOTE 5: Tc is the basic timing unit defined in TS 38.211 [53].
NOTE 6: The same bands and the same lo conditions for each band apply for this requirement as for the corresponding
requirement with the PRS bandwidth of the smallest RB number for the corresponding SCS.
NOTE 7: §is the margin determined from Table 4.14.5-5.

The accuracy requirementsin Table 4.14.5-1afor FR1 are valid under the following conditions:
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Conditions defined in clause 7.3 of TS 38.101-1 [54] for reference sensitivity are fulfilled.
PRPJssm according to TS 38.133 Annex B.2.14 for a corresponding Band.
Number of measurement samplesislessthan 4

AWGN propagation condition.

Table 4.14.5-1a: UE Rx-Tx time difference measurement accuracy in FR1 in AWGN with reduced
measurement samples

Conditions
Minimum | PRS PRS resource NR operating band loN°te4 range
Accuracy EPsF/zlgt PRS SCS repetition (Trgs * groupshote2 Minimum Maximum
bandwidth Lpgs/ KRS Note 3 lohote + lo
kHz dBm/
TcNotes dB RB SCSprs dBm/BW
NR_FDD_FR1_A, -50
NR_TDD_FR1_A, -127
NR_SDL FR1 A
NR_FDD FR1 B -126.5 -50
NR TDD FR1 C -126 -50
NR_FDD_FR1_D, 1055 -50
+59+6 0 252 15 21 NR TDD FR1 D )
NR_FDD_FR1_E, 105 -50
NR_TDD FR1 E
NR_FDD FR1 F -124.5 -50
NR_FDD_FR1 G, 124 -50
NR TDD FR1 G
NR FDD FR1 H -123.5 -50
+ 30+36 >104 21 NOTE 6 NOTE 6 NOTE 6
NR_FDD_FR1_A, -50
NR_TDD_FR1_A, -124
NR _SDL FR1 A
NR FDD FR1 B -123.5 -50
NR TDD FR1 C -123 -50
NR_FDD_FR1_D, 1225 -50
+ 30+% 248 30 21 NR_TDD FR1 D )
NR_FDD_FR1_E, 122 -50
NR TDD FR1 E
NR FDD FR1 F -121.5 -50
NR_FDD_FR1_G, 101 -50
NR_TDD FR1 G
NR_FDD FR1 H -120.5 -50
+ 15+9 2132 21 NOTE 6 NOTE 6 NOTE 6
NR_FDD_FR1_A, -50
NR_TDD_FR1_A, -121
NR _SDL FR1 A
NR_FDD FR1 B -120.5 -50
NR TDD FR1 C -120 -50
NR_FDD_FR1 D, 1195 -50
+15+8 264 60 21 NR_TDD FR1 D )
NR_FDD_FR1_E, 119 -50
NR TDD FR1 E
NR_FDD FR1 F -118.5 -50
NR_FDD_FR1 G, 118 -50
NR _TDD FR1 G
NR FDD FR1 H -117.5 -50
+ 749 2132 21 NOTE 6 NOTE 6 NOTE 6
+ 75+9 -6 252 15 21 NOTE 6 NOTE 6 NOTE 6
+ 37+6 >104 21 NOTE 6 NOTE 6 NOTE 6
+ 39+6 248 30 21 NOTE 6 NOTE 6 NOTE 6
+ 16+9 2132 21 NOTE 6 NOTE 6 NOTE 6
+ 16+9 264 60 21 NOTE 6 NOTE 6 NOTE 6
+ 8+9 2132 21 NOTE 6 NOTE 6 NOTE 6
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NOTE 1:
NOTE 2:
NOTE 3:

NOTE 4:

NOTE 5:
NOTE 6:

NOTE 7:

This minimum lo condition is expressed as the average lo per RE over all REs in an OFDM symbol.

NR operating band groups are as defined in Section 3.5.

TERS, Lers , Kioway, are configured by higher layer parameter dl-PRS-ResourceRepetitionFactor, dI-PRS-
NumSymbols and dI-PRS-CombSizeNdefined in TS 37.355 [49].

The lo is defined in PRS slots. The same lo range applies to PRS and non-PRS symbols. lo levels are different in
PRS and non-PRS symbols within the same slot.

Tc is the basic timing unit defined in TS 38.211 [53].

The same bands and the same lo conditions for each band apply for this requirement as for the corresponding
requirement with the PRS bandwidth of the smallest RB number for the corresponding SCS.

4 is the margin determined from Table 4.14.5-5.

The relative accuracy requirementsin Table 4.14.5-1b for FR1 are valid under the following conditions:

Conditions defined in clause 7.3 of TS 38.101-1 [54] for reference sensitivity are fulfilled.

PRP|4em according to TS 38.133 Annex B.2.14 for a corresponding Band.

AWGN propagation condition.

the two UE Rx-Tx time difference measurements are associated with the same RxTx TEG

Table 4.14.5-1b: UE Rx-Tx time difference relative measurement accuracy in FR1 in AWGN with TEG

reporting
Conditions
PRS lo Note 3 range
resource
Accurac e/ PRS ) PdRS'dh repetition _ o
y PRS Es/lot sCs anNoygll t (Tl!)e]l{]s * Lpgs/ NR grpoedgtslrsgtegand Mlnllgnum Maximum lo
KEES))
Note 2
T Notes dB kHz RB dBm/SCS dBm/zWC“a”
NR_FDD_FR1_A,
NR_TDD_FR1_A, -127 -50
NR SDL FR1 A
NR FDD FR1 B -126.5 -50
NR TDD FR1 C -126 -50
NR_FDD_FR1 D, -50
N f;fm 2 [24 24 NR_TDD_FR1_D 1255
15 NR_FDD_FR1_E, 195 -50
NR TDD FR1 E
NR_FDD FR1 F -124.5 -50
NR_FDD_FR1_G, 124 -50
NR TDD FR1 G
_(PRS NR_FDD FR1 H -1235 -50
98 +A Esllot); 2- >52 >1 Note 6 Note 6 Note 6
42 +A 6dB > 104 >1 Note 6 Note 6 Note 6
NR_FDD_FR1 A,
ES(/IPOFf)iSE_ NR_TDD_FR1_A, -124 -50
13dB NR SDL FR1 A
NR FDD FR1 B -123.5 -50
NR TDD FR1 C -123 -50
NR_FDD_FR1_D, 1995 -50
75 +A 224 24 NR TDD FR1 D )
30 NR_FDD_FR1_E, 122 -50
NR TDD FR1 E
NR FDD FR1 F -121.5 -50
NR_FDD_FR1_G, 191 -50
NR_TDD FR1 G
NR FDD FR1 H -120.5 -50
48 + A 248 21 Note 6 Note 6 Note 6
24 +A 2132 21 Note 6 Note 6 Note 6
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50 +A NR_FDD_FR1_A,
NR_TDD_FR1_A, -121 -50
NR_SDL_FR1_A
NR_FDD_FR1_B -120.5 -50
NR_TDD_FR1 C -120 -50
NR_FDD_FR1_D, -50
224 z4 NR_TDD_FR1 D 1195
60 NR_FDD_FR1_E, 119 -50
NR_TDD_FR1_E
NR_FDD_FR1_F -118.5 -50
NR_FDD_FR1_G, 118 -50
NR_TDD _FR1_G
NR_FDD FR1 H -117.5 -50
24 +A 264 21 Note 6 Note 6 Note 6
10 +A =132 21 Note 6 Note 6 Note 6

NOTE 1: Minimum PRS bandwidth, which is minimum of the PRS bandwidths of resource j and resource i.

NOTE 2: Minimum number of PRS resource repetitions among resource j and resource i. Tr%‘;S,LpRS ,KCPORnfb are configured
by higher layer parameter dl-PRS-ResourceRepetitionFactor, dl-PRS-NumSymbols and dI-PRS-
CombSizeNdefined in TS 37.355 [49], respectively.

NOTE 3: lo is assumed to have constant EPRE across the bandwidth.

NOTE 4: NR operating band groups in FR1 are as defined in TS 38.133 [50] clause 3.5.2.

NOTE 5: Tc is the basic timing unit defined in TS 38.211 [53].

NOTE 6: The same bands and the same lo conditions for each band apply for this requirement as for the corresponding
requirement with the PRS bandwidth of the smallest RB number for the corresponding SCS.

NOTE 7: Ais the value of the timing error margin for the RxTx TEG, reported via nr-UE-RXTXTEG-TimingErrorMargin. A
cannot be larger than the sum of the margins in table 4.14.5-5 (dependent on PRS/SRS BW) for any pair of
individual UE Rx-Tx time difference measurements associated with the RxTx TEG. .

The accuracy requirementsin Table 4.14.5-2 for FR1 are valid under the following conditions:

Conditions defined in clause 7.3 of TS 38.101-1 [54] for reference sensitivity are fulfilled.

PRP|4em according to TS 38.133 Annex B.2.14 for a corresponding Band.

Fading propagation condition.

Table 4.14.5-2: UE Rx-Tx time difference measurement accuracy in FR1 in fading

Conditions
Minimum PRS PRS resource NR operating band loNote4 range
Accuracy EPS?& PRS SCS | repetition (TERS « groupshete? Minimum [ Maximum
bandwidth LPRS/KCPgnsleoteS JoNote 1 o
TcNote's dB RB kHz schsn;R/s dBm/BW
224 15 NR_FDD FR1_A,
NR_TDD_FR1 A, -121
NR SDL FR1 A
NR FDD FR1 B -120.5
NR TDD FR1 C -120
NR _FDD FR1 D,
+137+8 24 NR TDD ER1 D -119.5 -50
-3 NR_FDD_FRL_E, 110
NR TDD FR1 E
NR FDD FR1 F -118.5
NR FDD FR1 G -118
NR FDD FR1 H -117.5
+ 96+06 =52 21 NOTE 6 NOTE 6 NOTE 6
+ 62+06 >104 21 NOTE 6 NOTE 6 NOTE 6
224 30 NR_FDD_FR1_A,
NR_TDD_FR1_A, -118
+87+8 >4 NR_SDL_FR1_A -50
NR FDD FR1 B -117.5
NR _TDD FR1 C -117
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NR_FDD_FR1_D,
NR TDD FR1 D -116.5
NR_FDD_FR1_E,
NR_TDD_FR1_E 116
NR_FDD_FR1 F -115.5
NR_FDD _FR1 G -115
NR_FDD_FR1_H -114