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Introduction

This contribution presents a text proposal for section 4 of TS 36.112.

Discussion

The measurement uncertainties include test equipment uncertainties and test system uncertainties, such as the RF mismatch at the connection to the DUT.  Just as the requirements for the BS receiver are considered “non-critical” [1], we propose that the LMU the test system uncertainties be considered the same way, that is, the total test system uncertainties can be calibrated to within a fixed amount.  For this specification we propose that the test path loss uncertainties can be calibrated to ±0.5 dB at 3 GHz and below and to ±0.7 dB for frequencies above 3 GHz.  The power level of the reference measurement channel and the PUSCH and CW interferers can also be calibrated to ±0.5 dB of the specified levels at 3GHz and below and to ±0.7 dB above 3 GHz.  Signal generators with integral AWGN sources can set the output SNR to ±0.3 dB.  The power level for the wanted and interfering signals are set independently in the conformance tests so the uncertainties of the wanted signal and are independent of each other and can be combined using the RSS method.  The baseline uncertainties for the RF requirements [2] are listed in Table 1.  The baseline uncertainties are used to compute the uncertainties for the RF conformance tests.

Table 1. Baseline uncertainties for RF requirements

	Test Parameter
	Uncertainty
	Notes

	Power level of wanted signal at DUT 
	±0.7 dB, f ≤ 3.0GHz 

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	Sqrt( (signal power error)2 + (signal path loss error)2)

	Power level of interferers at DUT
	±0.7 dB, f ≤ 3.0GHz 

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	Sqrt( (signal power error)2 + (signal path loss error)2)

	Input SNR at DUT
	±0.3 dB
	Signal generators with integral AWGN sources

	ACLR effect
	0.4 dB
	Given, used to compute test equipment output ACLR requirements [3]


The uncertainties in the UL RTOA measurement time are from three sources.  The first two sources of measurement time uncertainty are due to the time required for message parsing in the LMU and the E-SMLC/E-SMLC simulator.  We propose to consider these uncertainties to be negligible.  The remaining uncertainty for the UL RTOA measurement time is the accuracy of the timestamp clock.   For the UL RTOA measurement time requirements the maximum SRS transmission time is assumed to be 500 transmissions with SRS periodicity of 320 ms which is a test duration of almost 160 seconds from the time of the first SRS transmission.  The specification will assume the measurement time uncertainty, Te, is based on the accuracy of the SLmAP message timestamp clock, TSCe, as follows:




Te = 0, TSCe ≤ 1ppm

Te = TSCe, TSCe > 1ppm

For the UL RTOA measurement accuracy requirements the test system delay can be calibrated to within 10 ns which is small relative to the reporting resolution of the LMU of 2 Ts so the UL RTOA measurement uncertainty can be assumed to be 0 s.  The UL RTOA measurement accuracy requirements are based in part on RF input SNR so the UL RTOA measurement accuracy conformance tests will use the same uncertainty for SNR as is used for the RF dynamic range conformance test, ±0.3 dB. 


References

[1] R4T01008R, “TEM ad-hoc Meeting #4 Report”

[2] TS 36.111, “Location Measurement Unit (LMU) performance specification”.

[3] TS 36.141, “Base Station (BS) conformance testing”.

Text Proposal

4.1
Measurement uncertainties and test requirements

4.1.1
General
The requirements of this clause apply to all applicable tests in this specification.

The Minimum Requirements are given in 36.111 [2] and test requirements are given in this specification. Test Tolerances are defined in Annex F of this specification. Test Tolerances are individually calculated for each test. The Test Tolerances are used to relax the Minimum Requirements in 36.111 [2] to create Test Requirements.

4.1.2
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 tolerance and the equipment under test to be measured with an uncertainty not exceeding the specified values. All tolerances 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.
For RF tests in Section 6, it should be noted that the uncertainties in subclause 4.1.2 apply to the Test System operating into a nominal 50 ohm load and do not include system effects due to mismatch between the LMU and the Test System.
4.1.2.1
Measurement of receiver

Table 4.1.2-1: Maximum Test System Uncertainty for receiver tests

	Subclause
	Maximum Test System Uncertainty1
	Derivation of Test System Uncertainty

	6.2
Reference sensitivity level
	±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	

	6.3
Dynamic range
	±0.3 dB
	Overall system uncertainty for static conditions is equal to signal-to-noise ratio uncertainty.
Signal-to-noise ratio uncertainty ±0.3 dB

Definitions of signal-to-noise ratio, AWGN and related constraints are given in Table 4.1.2-3.

 

	6.4
In-channel selectivity
	±1.4 dB, f ≤ 3.0GHz

±1.8 dB, 3.0GHz < f ≤ 4.2GHz
	Overall system uncertainty comprises three quantities:

1. Wanted signal level error

2. Interferer signal level error

3. Additional impact of interferer leakage

Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The interferer leakage effect is systematic, and is added arithmetically.
Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + leakage effect.

f ≤ 3.0GHz 

Wanted signal level ± 0.7dB

Interferer signal level ± 0.7dB

3.0GHz < f ≤ 4.2GHz

Wanted signal level ± 1.0dB

Interferer signal level ± 1.0dB

f ≤ 4.2GHz

Impact of interferer leakage 0.4dB.



	6.5
Adjacent Channel Selectivity (ACS) and narrow-band blocking
	±1.4 dB, f ≤ 3.0GHz

±1.8 dB, 3.0GHz < f ≤ 4.2GHz
	Overall system uncertainty comprises three quantities:

1. Wanted signal level error

2. Interferer signal level error

3. Additional impact of interferer ACLR

Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The interferer ACLR effect is systematic, and is added aritmetically.
Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect.

f ≤ 3.0GHz 

Wanted signal level ± 0.7dB

Interferer signal level ± 0.7dB

3.0GHz < f ≤ 4.2GHz

Wanted signal level ± 1.0dB

Interferer signal level ± 1.0dB

f ≤ 4.2GHz

Impact of interferer ACLR 0.4dB. See Note 2.



	6.6
Blocking (General requirements)
	In-band blocking, using modulated interferer:

±1.6 dB, f ≤ 3.0GHz

±2.0 dB, 3.0GHz < f ≤ 4.2GHz
Out of band blocking, using CW interferer:

1MHz < finterferer ≤ 3 GHz: ±1.3 dB

3.0GHz < finterferer ≤ 4.2 GHz: ±1.6 dB
4.2GHz < finterferer ≤ 12.75 GHz: ±3.2 dB
	Overall system uncertainty can have these contributions:

1. Wanted signal level error

2. Interferer signal level error

3. Interferer ACLR

4. Interferer broadband noise

Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The Interferer ACLR or Broadband noise effect is systematic, and is added aritmetically.
Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect  + Broadband noise effect.

In-band blocking, using modulated interferer:

f ≤ 3.0GHz 

Wanted signal level ± 0.7dB

Interferer signal level ± 1.0dB

3.0GHz < f ≤ 4.2GHz

Wanted signal level ± 1.0dB

Interferer signal level ± 1.2dB

f ≤ 4.2GHz

Interferer ACLR 0.4dB

Broadband noise not applicable

Out of band blocking, using CW interferer:

Wanted signal level:

± 0.7dB f ≤ 3.0GHz

± 1.0dB 3.0GHz < f ≤ 4.2GHz 

Interferer signal level:

± 1.0dB up to 3GHz

± 1.2dB 3.0GHz < f ≤ 4.2GHz
± 3.0dB up to 12.75GHz

Interferer ACLR not applicable

Impact of interferer Broadband noise 0.1dB

	6.7
Receiver spurious emissions
	30 MHz ≤ f ≤ 4 GHz:±2.0 dB

4 GHz < f ≤ 19 GHz: ±4.0 dB
	

	6.8
Receiver intermodulation
	±1.8 dB, f ≤ 3.0GHz

±2.4 dB, 3.0GHz < f ≤ 4.2GHz
	Overall system uncertainty comprises four quantities:

1. Wanted signal level error

2. CW Interferer level error

3. Modulated Interferer level error

4. Impact of interferer ACLR 

The effect of the closer CW signal has twice the effect.

Items 1, 2 and 3 are assumed to be uncorrelated so can be root sum squared to provide the combined effect of the three signals. The interferer ACLR effect is systematic, and is added aritmetically.
Test System uncertainty = SQRT [(2 x CW_level_error)2 +(mod interferer_level_error)2 +(wanted signal_level_error)2] + ACLR effect.
f ≤ 3.0GHz
Wanted signal level ± 0.7dB

CW Interferer level ± 0.5dB

Mod Interferer level ± 0.7dB

3.0GHz < f ≤ 4.2GHz

Wanted signal level ± 1.0dB

CW Interferer level ± 0.7dB

Mod Interferer level ± 1.0dB

f ≤ 4.2GHz
Impact of interferer ACLR 0.4dB

	Note 1:
Unless otherwise noted, only the Test System stimulus error is considered here. The effect of errors in the throughput measurements due to finite test duration is not considered.

	Note 2:
The Test equipment ACLR requirement for a specified uncertainty contribution is calculated as below:

a) The wanted signal to noise ratio for Reference sensitivity is calculated based on a 5dB noise figure

b) The same wanted signal to (noise + interference) ratio is then assumed at the desensitisation level according to the ACS test conditions

c) The noise is subtracted from the total (noise + interference) to compute the allowable LMU adjacent channel interference. From this an equivalent LMU ACS figure can be obtained

d) The contribution from the Test equipment ACLR is calculated to give a 0.4dB additional rise in interference. This corresponds to a Test equipment ACLR which is 10.2 dB better than the LMU ACS

e) This leads to the following Test equipment ACLR requirements for the interfering signal: 

Adjacent channel Selectivity

E-UTRA 1.4MHz channel bandwidth:  56dB

E-UTRA 3MHz channel bandwidth:  56dB

E-UTRA 5MHz channel bandwidth and above:  56dB

Narrow band blocking

E-UTRA 1.4MHz channel bandwidth:  65dB

E-UTRA 3MHz channel bandwidth:  61dB

E-UTRA 5MHz channel bandwidth and above:  59dB


4.1.2.2
Measurement time requirement
Table 4.1.2-1 UL RTOA Measurement time uncertainty

	Test parameter
	Uncertainty
	Notes

	Measurement time, Te
	0 s
	Requires the time stamp clock accuracy ≤ 1ppm


4.1.2.3
Measurement of performance requirement

Table 4.1.2-1 UL RTOA Measurement accuracy uncertainty

	Test parameter
	Uncertainty
	Notes

	UL RTOA measurement accuracy
	0 s
	Requires calibration of the signal path delay to be ±10 ns

	Wanted Signal input SINR
	±0.3 dB
	Signal generators with integral AWGN sources. Interferer modeled as AWGN




4.2
LMU classes

The UTDOA architecture is described in TS 36.305 [2].

An LMU may be deployed in three ways:

●
LMU class 1: LMU integrated into base station

●
LMU class 2: LMU co-sited with base station and sharing antenna with the base station

●
LMU class 3: standalone LMU with own receive antenna

4.3
Regional requirements

Some requirements in the present document may only apply in certain regions either as optional requirements or set by local and regional regulation as mandatory requirements. It is normally not stated in the 3GPP specifications under what exact circumstances that the requirements apply, since this is defined by local or regional regulation. 

Table 4.3-1 lists all requirements that may be applied differently in different regions.

Table 4.3-1: List of regional requirements

	Clause number
	Requirement
	Comments

	5.5
	Operating bands
	Some bands may be applied regionally.

	5.6
	Channel bandwidth
	Some channel bandwidths may be applied regionally.

	5.7
	Channel arrangement
	The requirement is applied according to what operating bands in Clause 5.5 that are supported by the LMU.


4.4
Selection of configurations for testing

Most tests in the present document are only performed for a subset of the possible combinations of test conditions. For instance:

- 
Not all transceivers in the configuration may be specified to be tested;

- 
Only one RF channel may be specified to be tested;

-
Not all channel bandwidths may be specified to be tested.

4.5
LMU configurations

Receiver test ports for LMU class 1 are illustrated in Figure 4.5-1. Receiver test ports for LMU class 2 are illustrated in Figure 4.5-2. Receiver test ports for LMU class 3 are illustrated in Figure 4.5-3. If any external apparatus, e.g., a RX amplifier, a filter or the combination of such devices is used, LMU RF requirements specified in this specification apply at the far end antenna connector (port B); otherwise, the requirements apply at port A.

Requirements applicability for different LMU classes is summarized in Table 4.5-1.
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Figure 4.5-1: Two examples of receiver test ports for LMU class 1.
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Figure 4.5-2: Receiver test ports for LMU class 2.
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Figure 4.5-3: Receiver test ports for LMU class 3.
Table 4.5-1: Test ports and RF requirements applicability

	LMU class
	Physical Node
	RF Requirements
	Test Port
	Comments

	1
	BS
	TS 36.104
	A or B
	Test port determined per TS 36.104

	2
	BS
	Degradation of the base station DL performance and base station UL performance may occur when LMU class 2 is co-sited with the base station.
	B
	Test port determined per TS 36.104

	
	LMU
	clauses 5.2-5.8
	A or B
	Test port determined per
Figure 4.5-2

	3
	LMU
	clauses 5.2-5.8
	A or B
	Test port determined per
Figure 4.5-3


4.6
Manufacturer’s declarations of regional and optional requirements

4.6.1
Operating band and frequency range

The manufacturer shall declare which operating band(s) specified in clause 5.5 that is supported by the LMU under test and if applicable, which frequency ranges within the operating band(s) that the base station can operate in. Requirements for other operating bands and frequency ranges need not be tested. 
The manufacturer shall declare which operating band(s) specified in clause 5.5 are supported by the LMU under test for carrier aggregation.

4.6.2
Channel bandwidth

The manufacturer shall declare which of the channel bandwidths specified in TS36.111 [TBD] subclause TBD that are supported by the LMU under test. Requirements for other channel bandwidths need not be tested.
4.6.3
Co-location with base stations in other bands

The manufacturer shall declare whether the LMU under test is intended to operate co-located with base stations of one or more of the systems GSM850, GSM900, DCS1800, PCS1900, UTRA FDD, UTRA TDD and/or E-UTRA operating in another band. If this is the case, 
-
compliance with the applicable test requirement for receiver blocking specified in clause 7.6 shall be tested. 

4.6.4
Manufacturer's declarations of supported RF configurations

The manufacturer shall declare which operational configurations the LMU supports by declaring the following parameters:
-
Support of the LMU in non-contiguous spectrum operation. If the LMU does not support non-contiguous spectrum operation the parameters for non-contiguous spectrum operation below shall not be declared.

-
The supported operating bands defined in subclause 5.5;

-
The frequency range within the above operating band(s) supported by the LMU;

-
The maximum RF bandwidth supported by a LMU within each operating band;

•
for contiguous spectrum operation

•
for non-contiguous spectrum operation

-
The supported operating configurations (multi-carrier, carrier aggregation, and/or single carrier) within each operating band.

-
The supported component carrier combinations at nominal channel spacing within each operating band and sub-block.
-
Maximum number of supported carriers within each band;

•
for contiguous spectrum operation
•
for non-contiguous spectrum operation

4.7
Specified frequency range and supported channel bandwidth

Unless otherwise stated, the test shall be performed with a lowest and the highest bandwidth supported by the BS. The manufacturer shall declare that the requirements are fulfilled for all other bandwidths supported by the BS which are not tested.

The manufacturer shall declare:

-
which of the operating bands defined in subclause 5.5 are supported by the LMU.

-
the frequency range within the above frequency band(s) supported by the LMU. 

-
the channel bandwidths supported by the LMU

For CA specific testing in section 4.7.2, the manufacturer’s declaration in section 4.6.8 will be applied.

For the single carrier testing many tests in this TS are performed with appropriate frequencies in the bottom, middle and top channels of the supported frequency range of the BS. These are denoted as RF channels B (bottom), M (middle) and T (top).

Unless otherwise stated, the test shall be performed with a single carrier at each of the RF channels B, M and T. 

When a test is performed by a test laboratory, the EARFCNs to be used for RF channels B, M and T shall be specified by the laboratory. The laboratory may consult with operators, the manufacturer or other bodies.

When a test is performed by a manufacturer, the EARFCNs to be used for RF channels B, M and T may be specified by an operator.

4.7.1
RF bandwidth position for non-single carrier testing

Many tests in this TS are performed with the maximum RF bandwidth located at the bottom, middle and top of the supported frequency range in each operating band. These are denoted as BRFBW(bottom), MRFBW (middle) and TRFBW (top). 
Unless otherwise stated, the test shall be performed at BRFBW, MRFBW and TRFBW defined as following:

-
BRFBW: maximum RF bandwidth located at the bottom of the supported frequency range in each operating band;

-
MRFBW: maximum RF bandwidth located in the middle of the supported frequency range in each operating band;

-
TRFBW: maximum RF bandwidth located at the top of the supported frequency range in each operating band.

When a test is performed by a test laboratory, the position of BRFBW, MRFBW and TRFBW in the operating band shall be specified by the laboratory. The laboratory may consult with operators, the manufacturer or other bodies.

4.7.2 
Aggregated channel bandwidth position for CA specific testing

Occupied bandwidth test in this TS is performed with the aggregated channel bandwidth and sub-block bandwidths located at the bottom, middle and top of the supported frequency range in the operating band. These are denoted as BBW Channel CA(bottom), MBW Channel CA (middle) and TBW Channel CA (top) for contiguous spectrum operation and BBW Channel Block(bottom), MBW Channel Block (middle) and TBW Channel Block (top) for non-contiguous spectrum operation.
Unless otherwise stated, the test for contiguous spectrum operation shall be performed at BBW Channel CA, MBW Channel CA and TBW Channel CA defined as following:

-
BBW Channel CA: 
aggregated channel bandwidth located at the bottom of the supported frequency range in each operating band;

-
MBW Channel CA: aggregated channel bandwidth located close in the middle of the supported frequency range in each operating band, with the center frequency of each component carrier aligned to the channel raster;

-
TBW Channel CA: 
aggregated channel bandwidth located at the top of the supported frequency range in each operating band.

Unless otherwise stated, the test for non-contiguous spectrum operation shall be performed at BBW Channel Block, MBW Channel Block and TBW Channel Block defined as following:

-
BBW Channel Block: Sub-block bandwidths located at the bottom of the supported frequency range in each operating band;

-
MBW Channel Block: Sub-block bandwidths located close in the middle of the supported frequency range in each operating band, with the center frequency of each component carrier aligned to the channel raster;

-
TBW Channel Block: Sub-block bandwidths located at the top of the supported frequency range in each operating band.
When a test is performed by a test laboratory, the position of BBW Channel CA, MBW Channel CA and TBW Channel CA for contiguous spectrum operation in the operating band and BBW Channel Block, MBW Channel Block  and TBW Channel Block for non-contiguous spectrum operation shall be specified by the laboratory. The laboratory may consult with operators, the manufacturer or other bodies.
4.8
Format and interpretation of tests

Each test in the following clauses has a standard format:
X
Title

All tests are applicable to all equipment within the scope of the present document, unless otherwise stated.
X.1
Definition and applicability

This subclause gives the general definition of the parameter under consideration and specifies whether the test is applicable to all equipment or only to a certain subset. Required manufacturer declarations may be included here.

X.2
Minimum Requirement

This subclause contains the reference to the subclause to the 3GPP reference (or core) specification which defines the Minimum Requirement.
X.3
Test Purpose

This subclause defines the purpose of the test.

X.4
Method of test

X.4.1
Initial conditions

This subclause defines the initial conditions for each test, including the test environment, the RF channels to be tested and the basic measurement set-up.

X.4.2
Procedure

This subclause describes the steps necessary to perform the test and provides further details of the test definition like point of access (e.g. test port), domain (e.g. frequency-span), range, weighting (e.g. bandwidth), and algorithms (e.g. averaging).

X.5
Test Requirement

This subclause defines the pass/fail criteria for the equipment under test. See subclause 4.1.2.5, Interpretation of measurement results.
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