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1
Introduction

This contribution proposes common definitions for the OTDOA performance test cases of the TS 36.571-1 baseline text. It includes:

· Additional references and abbreviations needed for the test cases;

· the general OTDOA test conditions, with reference to definitions in TS 36.508;

· the propagation conditions used for the OTDOA test cases, with reference to TS 36.521-1;

· the connection diagrams; and

· placeholders for the system uncertainty and test tolerances.
Corresponding OTDOA performance test cases are proposed in tdocs R5-112386 and R5-112387.

2
Open Items
Test tolerances are not included in the attached text proposal and are marked as FFS.
3
Proposal

It is proposed to include the attached text proposal in the next version of the 36.571-1 baseline text. 
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1], 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] 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].

E1
Galileo E1 navigation signal with carrier frequency of 1575.420 MHz. 
E5
Galileo E5 navigation signal with carrier frequency of 1191.795 MHz.

E6
Galileo E6 navigation signal with carrier frequency of 1278.750 MHz.

G1
GLONASS navigation signal in the L1 sub-bands with carrier frequencies 1602 MHz ± k ( 562.5 kHz.

G2
GLONASS navigation signal in the L2 sub-bands with carrier frequencies 1246 MHz ± k ( 437.5 kHz.

k

GLONASS channel number, k = -7…13.

L1 C/A
GPS or QZSS L1 navigation signal carrying the Coarse/Acquisition code with carrier frequency of 1575.420 MHz.

L1C
GPS or QZSS L1 Civil navigation signal with carrier frequency of 1575.420 MHz.

L2C
GPS or QZSS L2 Civil navigation signal with carrier frequency of 1227.600 MHz.

L5
GPS or QZSS L5 navigation signal with carrier frequency of 1176.450 MHz.
PRP
Received (linear) average power of the resource elements that carry E-UTRA PRS, measured at the UE antenna connector.
G
Geometry Matrix.
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Measured pseudo-range of satellite i of GNSSm.
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Weighting Matrix.
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Line of sight unit vector from the user to the satellite i of GNSSm.
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State vector of user position and clock bias.
TS
Basic time unit, defined in TS 36.211 [26], clause 4.
Ês
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.
Io
The total received power density, including signal and interference, as measured at the UE antenna connector.
Iot
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.
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The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing), simulating interference from cells that are not defined in a test procedure, as measured at the UE antenna connector.
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The ratio 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-GNSS
Assisted Global Navigation Satellite System

A-GPS
Assisted - Global Positioning System

AWGN
Additive White Gaussian Noise

C/A
Coarse/Acquisition
DRX
Discontinuous Reception
DUT
Device Under Test

ECEF
Earth Centred, Earth Fixed
EPRE
Energy Per Resource Element
E-UTRA 
Evolved UMTS Terrestrial Radio Access
E-UTRAN
Evolved UMTS Terrestrial Radio Access Network
FDD
Frequency Division Duplex

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

GNSS
Global Navigation Satellite System

GPS
Global Positioning System

GSS
GNSS System Simulator

HDOP
Horizontal Dilution Of Precision

ICD
Interface Control Document

IS
Interface Specification

LOS
Line Of Sight

LPP
LTE Positioning Protocol
OCNG
OFDMA Channel Noise Generator
OTDOA
Observerd Time Difference Of Arrival
PBCH
Physical Broadcast Channel
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
PSS
Primary Synchronization Signal
QZSS
Quasi-Zenith Satellite System
RB
Resource Block
RE
Resource Element
RRC
Radio Resource Control
RSTD
Reference Signal Time Difference
SBAS
Space Based Augmentation System

SS
System simulator
SSS
Secondary Synchronization Signal
SV
Space Vehicle

SV ID
Space Vehicle Identity

TDD
Time Division Duplex

TTFF
Time To First Fix

UE
User Equipment

WLS
Weighted Least Square

WGS‑84
World Geodetic System 1984

4
General test conditions
4.1
Introduction

This section defines the various common test conditions required for the various minimum performance requirements in the remainder of the document.
4.2
GNSS test conditions
[...]
4.5
OTDOA test conditions

4.5.1
Simulated cells
For the OTDOA performance test cases in sub-clause 7.1, a multi 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. The default parameters for simulated cells are the same as specified in 3GPP TS 36.508 [18], with the following exceptions:

-
All cells transmit 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.

-
The physical 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 between the cells referenced to the UE’s antenna input is given in the test cases. 
4.5.2
Propagation conditions
4.5.2.1
Static
See TS 36.521-1 [24] Annex B.1.
4.5.2.2
Multi-path fading
See TS 36.521-1[24] Annex B.2, B.2.1 and B.2.2.
4.6
ECID test conditions

FFS

Annex A (informative):
Connection Diagrams

Definition of Terms

System Simulator or SS: A device or system, that is capable of generating simulated eNode B signalling and analysing UE signalling responses on one RF channel, in order to create the required test environment for the UE under test. It will also include the following capabilities:

1.
Control of the UE Tx output power through TPC commands.

2.
Measurement of signalling timing and delays.

3.
Ability to simulate E-UTRAN signalling.

GNSS System Simulator or GSS: A device or system, that is capable of generating simulated GNSS satellite transmissions in order to create the required test environment for the UE under test. It will also include the following capabilities:

1.
Control of the output power of individual satellites and the simulation of atmospheric delays and multi-path.

2.
Generation of appropriate assistance data to be transmitted to the UE via the SS.

3.
Ability to synchronize with E-UTRAN timing in the SS.

Test System: A combination of devices brought together into a system for the purpose of making one or more measurements on a UE in accordance with the test case requirements. The following diagrams are all examples of Test Systems.

NOTE:
The above terms are logical definitions to be used to describe the test methods used in the present document, in practice, real devices called "System Simulators" may also include additional measurement capabilities or may only support those features required for the test cases they are designed to perform.
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Figure A.1: Connection for A-GNSS Performance requirements tests
for UE with combined E-UTRAN / GNSS antenna
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Figure A.2: Connection for A-GNSS Performance requirements tests
for UE with separate E-UTRAN and GNSS antennas
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Figure A.3: Connection for 2 cells OTDOA tests with static propagation.
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Figure A.4: Connection for 3 cells OTDOA tests with multipath fading propagation conditions.
Annex C (normative): 
General test conditions and declarations

The requirements of this clause apply to all applicable tests in the present document.

In all the relevant clauses in this clause all 2D position error measurements shall be carried out according to the general rules for statistical testing in Annex D.
C.1
Acceptable uncertainty of Test System

The maximum acceptable uncertainty of the Test System is specified below for each test, where appropriate. The Test System shall enable the stimulus signals in the test case to be adjusted to within the specified range, and the equipment under test to be measured with an uncertainty not exceeding the specified values. All ranges and uncertainties are absolute values, and are valid for a confidence level of 95 %, unless otherwise stated.

A confidence level of 95 % is the measurement uncertainty tolerance interval for a specific measurement that contains 95 % of the performance of a population of test equipment.

It should be noted that the uncertainties in clause C.1 apply to the Test System operating into a nominal 50 ohm load and do not include system effects due to mismatch between the DUT and the Test System.

C.1.1
Measurement of test environments

The measurement accuracy of the UE environmental test conditions, defined in TBD, shall be:

	Pressure
	5 kPa

	Temperature
	2 degrees

	Relative Humidity
	5 %

	DC Voltage
	1.0 %

	AC Voltage
	1.5 %

	Vibration
	10 %

	Vibration frequency
	0.1 Hz


The above values shall apply unless the test environment is otherwise controlled and the specification for the control of the test environment specifies the uncertainty for the parameter.

C.1.2
A-GNSS Performance requirements

Table C.1.1: Maximum Test System Uncertainty for A-GNSS Minimum Performance tests

	Clause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	5.1.1 Sensitivity Coarse Time Assistance
	Coarse Time Assistance
	200 ms
	

	
	Absolute GNSS signal level
	1 dB
	

	
	Position error
	0.05 m
	Position error consists of 0.05 m system uncertainty.  The effect of position reporting resolution of approximately 1.2 m (see note) is not included in the allowable test system uncertainty but is included in the Test Parameter Relaxations since this resolution limitation limits the reporting capability of the UE. For simplicity the combined Test Parameter Relaxation is given as 1.3 m

	
	Response time
	 300 ms
	

	5.1.2 Sensitivity Fine Time Assistance
	Coarse Time Assistance
	200 ms
	

	
	Fine Time Assistance
	1 us
	

	
	Absolute GNSS signal level
	1 dB
	

	
	Position error
	0.05 m
	Position error as above

	
	Response time
	 300 ms
	

	5.2 Nominal Accuracy
	Coarse Time Assistance
	200 ms
	

	
	Absolute GNSS signal level
	1 dB
	

	
	Position error
	0.05 m
	Position error as above

	
	Response time
	 300 ms
	

	5.3 Dynamic Range
	Coarse Time Assistance
	200 ms
	

	
	Absolute GNSS signal level
	1 dB
	

	
	Relative GNSS signal level
	0.2 dB
	

	
	Position error
	0.05 m
	Position error as above

	
	Response time
	 300 ms
	

	5.4 Multi-path scenario
	Coarse Time Assistance
	200 ms
	

	
	Absolute GNSS signal level
	1 dB
	

	
	Relative GNSS signal level
	0.2 dB
	

	
	Position error
	0.05 m
	Position error as above

	
	Response time
	 300 ms
	

	5.5 Moving scenario and periodic update
	Absolute GNSS signal level
1 dB
	1 dB
	

	
	Position error
0.05 m
	0.05 m
	Position error as above

	
	Differential response time
 100 ms
	 100 ms
	


NOTE:
For UE based mode the effect of position reporting resolution is given by:
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meters, where R is the radius of the earth and φ is the latitude of the location. For the GNSS scenarios defined in TS 37.571-5 [20] this equates to approximately Editor’s note: this needs checking once the GNSS scenarios are agreed [TBD] m. For simplicity this is given as 1.2 m.

For UE assisted mode it is assumed that the output from the WLS position solution calculation in clause 4.4.3 is coded using the same position coding method as for UE based mode before being used to calculate position error.  Therefore the effect of reporting resolution will be the same as for UE based mode.
C.1.3
OTDOA Performance requirements

Table C.1.3-1: Maximum Test System Uncertainty for OTDOA Requirements (FFS)
	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	7.1.1 FDD RSTD Measurement Reporting Delay
	
	

	7.1.2
TDD RSTD Measurement Reporting Delay
	
	

	7.1.3
FDD RSTD Measurement Accuracy
	
	

	7.1.4
TDD RSTD Measurement Accuracy
	
	

	In addition, the following Test System uncertainties and related constraints apply.

Any additional constraints are defined in the specific tests. 
	

	AWGN Bandwidth
	≥ 1.08MHz, 2.7MHz, 4.5MHz, 9MHz, 13.5MHz, 18MHz;

NRB x 180kHz according to BWConfig

	AWGN absolute power uncertainty
	Test-specific

	AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWConfig
	±2 dB

	AWGN peak to average ratio
	≥10 dB @0.001%

	Signal-to noise ratio uncertainty
	Test-specific

	Fading profile power uncertainty
	±0.5 dB

	Fading profile delay uncertainty, relative to frame timing
	±5 ns (excludes absolute errors related to baseband timing)


C.2
Test Parameter Relaxations (This clause is informative)

The Test Parameter Relaxations defined in this clause have been used to relax the Conformance requirement to derive the Test Requirements.

The Test Parameter Relaxations are derived from Test System uncertainties, regulatory requirements and criticality to system performance. As a result, the Test Parameter Relaxations may sometimes be set to zero.

The Test Parameter Relaxations should not be modified for any reason e.g. to take account of commonly known test system errors (such as mismatch, cable loss, etc.).

C.2.1
A-GNSS Performance requirements

Table C.2.1: Test Parameter Relaxations for A-GNSS Minimum Performance tests

	Clause
	Test Parameter Relaxation

	5.1.1 Sensitivity Coarse Time Assistance
	Coarse Time Assistance
	200 ms

	
	Absolute GNSS signal level
	1 dB

	
	Position error
	1.3 m

	
	Response time
	300 ms

	5.1.2 Sensitivity Fine Time Assistance
	Coarse Time Assistance
	200 ms

	
	Fine Time Assistance
	1 us

	
	Absolute GNSS signal level
	1 dB

	
	Position error
	1.3 m

	
	Response time
	300 ms

	5.2 Nominal Accuracy
	Coarse Time Assistance
	200 ms

	
	Absolute GNSS signal level
	0 dB

	
	Position error
	1.3 m

	
	Response time
	300 ms

	5.3 Dynamic Range
	Coarse Time Assistance
	200 ms

	
	Absolute GNSS signal level
	0 dB

	
	Relative GNSS signal level
	0.2 dB

	
	Position error
	1.3 m

	
	Response time
	300 ms

	5.4 Multi-path scenario
	Coarse Time Assistance
	200 ms

	
	Absolute GNSS signal level
	0 dB

	
	Relative GNSS signal level
	0.2 dB

	
	Position error
	1.3 m

	
	Response time
	300 ms

	5.5 Moving scenario and periodic update
	Absolute GNSS signal level
	0 dB

	
	Position error
	1.3 m

	
	Differential Response Time
	100 ms


C.3
Interpretation of measurement results

The measurement results returned by the Test System are compared - without any modification - against the Test Requirements as defined by the shared risk principle.

The Shared Risk principle is defined in TR 102 273-1-2 [14], clause 6.5.
The actual measurement uncertainty of the Test System for the measurement of each parameter shall be included in the test report.

The recorded value for the Test System uncertainty shall be, for each measurement, equal to or lower than the appropriate figure in clause C.1.

If the Test System for a test is known to have a measurement uncertainty greater than that specified in clause C.1, it is still permitted to use this apparatus provided that an adjustment is made value as follows.

Any additional uncertainty in the Test System over and above that specified in clause C.1 shall be used to tighten the Test Requirement - making the test harder to pass. (This may require modification of stimulus signals). This procedure will ensure that a Test System not compliant with clause C.1does not increase the chance of passing a device under test where that device would otherwise have failed the test if a Test System compliant with clause C.1 had been used.

C.4
Derivation of Test Requirements (This clause is informative)

The Test Requirements have been calculated by relaxing the Conformance requirement of the core specification using the Test Parameter Relaxations defined in clause C.2. When the Test Parameter Relaxation is zero, the Test Requirement will be the same as the Conformance requirement. When the Test Parameter Relaxation is non-zero, the Test Requirements will differ from the Conformance requirement, and the formula used for this relaxation is given in table C.4.1 and C.4.2.
Table C.4.1: Derivation of Test Requirements for A-GNSS Minimum Performance tests

	Test
	Conformance requirement in
3GPP TS 36.171
	Test Parameter Relaxation (TPR)
	Test Requirement

	5.1.1 Sensitivity Coarse Time Assistance


	Coarse Time Assistance
	(2 s
	200 ms
	Formulas: UL-TPR, LL+TPR: (1.8 s

	
	Absolute GPS L1 C/A  signal level (sub-test 1)
-142, -147 dBm
	-142, -147 dBm
	1 dB
	Level + TPR: -141, -146 dBm

	
	Absolute GNSS signal level (Galileo)
	-142, -147 dBm
	1 dB
	Level + TPR: -141, -146 dBm

	
	Absolute GNSS signal level (GPS) (sub-tests 2 to 5)
	-142, -147 dBm
	1 dB
	Level + TPR: -141, -146 dBm

	
	Absolute GNSS signal level (GLONASS)
	-142, -147 dBm
	1 dB
	Level + TPR: -141, -146 dBm

	
	Position error
	100 m
	1.3 m
	Error +TPR: 101.3 m

	
	Response time
	20 s
	300 ms
	Time + TPR: 20.3 s

	5.1.2 Sensitivity Fine Time Assistance 
	Coarse Time Assistance
	(2 s
	200 ms
	Formulas: UL-TPR, LL+TPR: (1.8 s

	
	Fine Time Assistance
	(10 us
	1 us
	UL-TPR, LL+TPR: (9 us

	
	Absolute GPS L1 C/A  signal level (sub-test 1)
-142, -147 dBm
	-147 dBm
	1 dB
	Level + TPR: -146 dBm

	
	Absolute GNSS signal level (Galileo)
	-147 dBm
	1 dB
	Level + TPR: -146 dBm

	
	Absolute GNSS signal level (GPS) (sub-tests 2 to 5)
	-147 dBm
	1 dB
	Level + TPR: -146 dBm

	
	Absolute GNSS signal level (GLONASS)
	-147 dBm
	1 dB
	Level + TPR: -146 dBm

	
	Position error
	100 m
	1.3 m
	Error +TPR: 101.3 m

	
	Response time
	20 s
	300 ms
	Time + TPR: 20.3 s

	5.2 Nominal Accuracy


	Coarse Time Assistance
	(2 s
	200 ms
	Formulas: UL-TPR, LL+TPR: (1.8 s

	
	Absolute GPS L1 C/A  signal level (sub-test 1)
-142, -147 dBm
	-130 dBm
	0 dB 
	Formulas: Level + TPR: -130 dBm 

	
	Absolute GNSS signal level (Galileo)
	 -127 dBm
	0 dB
	Level + TPR: -127 dBm

	
	Absolute GNSS signal level (GPS) (sub-tests 2 to 5)
	-128.5 dBm
	0 dB
	Level + TPR: -128.5 dBm

	
	Absolute GNSS signal level (GLONASS)
	-131 dBm
	0 dB
	Level + TPR: -131 dBm

	
	Absolute GNSS signal level (QZSS)
	-128.5 dBm
	0 dB
	Level + TPR: -128.5 dBm

	
	Absolute GNSS signal level (SBAS)
	-131 dBm
	0 dB
	Level + TPR: -131 dBm

	
	Position error
	30 m
	1.3 m
	Error +TPR: 31.3 m

	
	Response time
	20 s
	300 ms
	Time + TPR: 20.3 s

	5.3 Dynamic Range 
	Coarse Time Assistance
	(2 s
	200 ms
	Formulas: UL-TPR, LL+TPR: (1.8 s

	
	Absolute GPS L1 C/A  signal level (sub-test 1)
-142, -147 dBm
	-129 to -147 dBm
	1 dB
	Level + TPR: each level +1 dBm 

	
	Absolute GNSS signal level (Galileo)
	-127.5 to -147 dBm
	1 dB
	Level + TPR: each level +1 dBm 

	
	Absolute GNSS signal level (GPS) (sub-tests 2 to 5)
	-129 to -147 dBm
	1 dB
	Level + TPR: each level +1 dBm 

	
	Absolute GNSS signal level (GLONASS)
	-131.5 to -147 dBm
	1 dB
	Level + TPR: each level +1 dBm 

	
	Relative GPS L1 C/A  signal level (sub-test 1)
-142, -147 dBm
	18 dB
	0.2 dB
	Level - TPR: highest level -0.2 dB: -128.2 dBm

	
	Relative GNSS signal level (Galileo)
	19.5 dB
	0.2 dB
	Level - TPR: highest level -0.2 dB: -126.7 dBm

	
	Relative GNSS signal level (GPS)
	18 dB
	0.2 dB
	Level - TPR: highest level -0.2 dB: -128.2 dBm

	
	Relative GNSS signal level (GLONASS)
	15.5 dB
	0.2 dB
	Level - TPR: highest level -0.2 dB: -130.7 dBm

	
	Position error
	100 m
	1.3 m
	Error +TPR: 101.3 m

	
	Response time
	20 s
	300 ms
	Time + TPR: 20.3 s

	5.4 Multi-path scenario


	Coarse Time Assistance
	(2 s
	200 ms
	Formulas: UL-TPR, LL+TPR: (1.8 s

	
	Absolute GPS L1 C/A  signal level (sub-test 1)
-142, -147 dBm
	-130 dBm
	0 dB 
	Formulas: Level + TPR: -130 dBm 

	
	Absolute GNSS signal level (Galileo)
	-127 dBm
	0 dB
	Level + TPR: -127 dBm

	
	Absolute GNSS signal level (GPS) (sub-tests 2 to 5)
	-128.5 dBm
	0 dB
	Level + TPR: -128.5 dBm

	
	Absolute GNSS signal level (GLONASS)
	-131 dBm
	0 dB
	Level + TPR: -131 dBm

	
	Relative GPS L1 C/A  signal level (sub-test 1)
-142, -147 dBm
	6 dB
	0.2 dB
	Relative level + TPR: relative level + 0.2dB: 6.2 dB

	
	Relative GNSS signal level (all GNSSs) (sub-tests 2 to 5)
	Y dB where “Y” is given in Table 70.16.2.1
	0.2 dB
	Relative level + TPR: relative level + 0.2dB: Y + 0.2 dB

	
	Position error
	100 m
	1.3 m
	Error +TPR: 101.3 m

	
	Response time
	20 s
	300 ms
	Time + TPR: 20.3 s

	5.5 Moving scenario and periodic update
	Absolute GPS L1 C/A Signal level
-130 dBm
	-130 dBm
	0 dB 
	Formulas: Level + TPR: -130 dBm 

	
	Absolute GNSS signal level (Galileo)
	 -127 dBm
	0 dB
	Level + TPR: -127 dBm

	
	Absolute GNSS signal level (GPS) (sub-tests 2 to 5)
	-128.5 dBm
	0 dB
	Level + TPR: -128.5 dBm

	
	Absolute GNSS signal level (GLONASS)
	-131 dBm
	0 dB
	Level + TPR: -131 dBm

	
	Position error
100 m
	100 m
	1.3 m
	Error +TPR: 101.3 m

	
	Differential response time
2s  20 %
	2s +/- 20 %
	100 ms
	Time +TPR: 1.5 s and 2.5 s


Table C.4.2: Derivation of Test Requirements for OTDOA Minimum Performance tests (FFS)
	Test 
	Minimum Requirement in TS 36.133
	Test Tolerance
(TT)
	Test Requirement in TS 36.571-1

	7.1.1 FDD RSTD Measurement Reporting Delay
	
	
	

	7.1.2
TDD RSTD Measurement Reporting Delay
	
	
	

	7.1.3
FDD RSTD Measurement Accuracy
	
	
	

	7.1.4
TDD RSTD Measurement Accuracy
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