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7
UE demodulation and CSI testing methodology

7.1
General

This clause describes the testing methodology for NR UE demodulation and CSI reporting for FR2. Unless otherwise indicated below, device under test (DUT) refers to UE nodes. The exact list of demodulation and CSI reporting tests for the UE can only be determined once the core requirements are settled and the test methodologies are considered in generic way to allow testing of typical UE demodulation CSI metrics.
For frequency bands above 6 GHz (e.g. mm-wave), conducted antenna connectors are assumed not to be available at DUT and the OTA testing is considered as the baseline approach for NR UE demodulation and CSI test methodology.

The possibility of performing conducted tests using an intermediate frequency (IF) were evaluated. It was decided that this approach would be challenging to standardise for various reasons since IF is an internal interface in the DUT and using a standardised IF (signal level, number of IF ports, IF frequency etc.) would preclude many different DUT implementations including direct conversion receivers. In addition, IF testing excludes all components which operate at the radio frequency such as RF filters, duplexers, transmit receive switch, low noise amplifier (LNA), power amplifier (PA), analogue beamforming phase shifting elements etc., and the algorithms which control such components from the test.
7.2
Measurement setup

7.2.1
Baseline setup

7.2.1.1
Description

The baseline measurement setup of NR UE demodulation and CSI characteristics for frequency bands above 6GHz is capable of establishing an OTA link between the DUT and a number of emulated gNB sources with one angle of arrival (AoA) to the UE, and is shown in Figure 7.2.1.1-1 below.
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Figure 7.2.1.1-1: Baseline measurement setup for UE demodulation and CSI
 characteristics testing

The key aspects of the baseline setup are:

-
Test is conducted in an anechoic chamber

-
The test shall be performed in the radiative near field or in the far field
-
The minimum measurement distance is described in 7.2.1.2

-
One TRxP with a dual-polarized measurement antenna directed at the DUT

-
Propagation Conditions

-
Test method shall allow modelling of the following propagation conditions between the DUT and the emulated gNB sources

-    Multi-path fading propagation conditions

-    Multi-path fading propagation conditions between the DUT and the emulated gNB sources are modelled as Single probe channel models as described in subclause 8.2.

-    Static propagation conditions

-
A positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom

-
The test method shall achieve isolation between two nominally orthogonal paths from the dual-polarised TRxP to the DUT, enabling independent control of the signals reaching each baseband receiver

-
Test method supports up to MIMO rank 2 transmissions 

-
DUTs shall support power measurement per receiver port (SS-RSRPB). Measurement equipment may use SS-RSRPB reporting from the DUT to achieve isolation and to enable independent control of the signals reaching each baseband receiver.

-
SS-RSRPB measurements and reporting are done under noise-free conditions and use static channel conditions. 

-
Once established, the setup is expected to be fixed and to be used with UE Tx/Rx beamlock to allow testing of DUT baseband features under a “virtually cabled” scenario.

-
Baseline setup includes a capability to select the best UE beam during initial call setup.

-
For setups intended for measurements of UE demodulation and CSI characteristics in non-standalone (NSA) mode, an LTE link antenna is used to provide the LTE link to the DUT. The LTE link antenna provides a stable and noise-free LTE signal without precise path loss or polarization control. No performance verification for LTE carriers is supported.

-
For setups intended for measurements of UE demodulation and CSI characteristics in NR CA mode with FR1 and FR2 inter-band NR CA, test setup provides NR FR1 link to the DUT.
The NR FR1 link has a stable and noise-free signal without precise path loss or polarization control. No performance verification for NR FR1 carriers is supported.

-
The test system shall allow the following modes of noise emulation for UE demodulation testing:

-
Emulation of fixed SNR conditions at the DUT 

-
Emulation of noise-free conditions at the DUT

-
Measurement system shall support the TX EVM (transmit signal error vector magnitude) not worse than 6% for QPSK/16QAM/64QAM performance requirements. 

-
Applicability Criteria:

In case a radiative near field testing methodology is used:

-
The system applies at least to DUTs with a device size of D ≤ 15cm with no manufacturer declaration and corresponding SNR calculations in Annex B.3.1 need to be used

In case a test system is used that leverages the permitted methods for UE RF, the same applicability criteria as in Clause 5.2 apply and corresponding SNR calculations in Annex B.3.1 need to be used
7.2.1.2
Measurement distance

The test shall be performed in the radiative near field (limit of the Fresnel region) or in the far field. The minimum measurement distance R is defined according to the following formula:
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where D is the DUT radiating aperture, and λ is the wavelength.

7.2.1.3
Test parameters

The following main test parameters shall be controlled by measurement equipment for UE Demodulation and CSI reporting testing.

-
SNR of DL signal at reference point

-
Faded DL channel

For a Near-Field setup the reference point for SNR of DL signal is defined as the intersection of the axes of rotation of the positioning system(s). For a Far-Field (DFF or IFF) setup the reference point for SNR of DL signal is defined as the geometrical center of the QZ. From the UE perspective the reference point is the input of UE antenna array.
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Figure 7.2.1.3-1: DL SNR reference point for UE Demodulation and CSI testing methodology
The performance requirements in TS 38.101-4 [18] will be specified at the Reference point, according to the following principles:

-
Test system will transmit the useful signal and noise signals to emulate target SNR condition
-
Specify absolute Noc level at the Reference point
-
Noc level may have different value according to operating band and UE Power class 

-
Specify SNRRP at the Reference point
-
SNRRP is a test-specific value 

-
Downlink signal and noise are aligned to the Rx beam peak direction
Simulations for UE demodulation and CSI are normally run at baseband, with results expressed as SNRBB, and do not take into account the noise of the UE RF front end. For over-the-air testing it is not feasible in practice to use signal levels high enough to make the noise of the UE RF front end negligible. The approach below has been agreed:

-
Set wanted noise to give 1dB difference between Reference point SNR and Baseband SNR, using agreed UE requirements, so SNRRP = SNRBB + 1dB
-
Figure 7.2.1.3-2 shows the principle

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


The Noc values are based on Refsens for the Operating band and on the UE Power class, and taking a baseline of UE Power class 3 in Band n260.

Spectral density of Noc = RefsensPC3, n260, 50MHz -10Log10(SCSRefsens x PRBRefsens x 12) - SNRRefsens + ∆thermal
where:

RefsensPC3, n260, 50MHz is the Refsens value in dBm specified for Power Class 3 in Band n260 for 50MHz Channel bandwidth in TS 38.101-2 [16] Table 7.3.2.3-1.

SCSRefsens is a subcarrier spacing associated with NRB for 50MHz in TS 38.101-2 [16] Table 5.3.2-1, chosen as 120kHz. 

PRBsRefsens) is NRB associated with subcarrier spacing 120kHz for 50MHz in TS 38.101-2 [16] Table 5.3.2-1 and is 32.

12 is the number of subcarriers in a PRB

SNRRefsens is the SNR used for simulation of Refsens, and is -1dB 

∆thermal is the amount of dB that the wanted noise is set above UE thermal noise, giving a rise in total noise of ∆BB. ∆thermal is chosen as 6dB, giving a rise in total noise of 1dB.
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Figure 7.2.1.3-2: Reference point SNRRP and Baseband SNRBB

The calculated Noc value for the baseline of UE Power class 3 in Band n260 is rounded to -155dBm/Hz.
The following methodology to define the Noc level for operating band X (Band_X) and power class Y (PC_Y) is used for the single carrier case:

Noc(Band_X, PC_Y) = -155 dBm/Hz + RefsensPC_Y, Band_X, 50MHz – RefsensPC3, n260, 50MHz
Refsens values are specified in TS 38.101-2 [16] Table 7.3.2.3-1.

7.2.1.4
Test metrics

The test method shall allow testing of typical UE Demodulation and CSI metrics similar to the metrics used of LTE, including at least:

-
Absolute PDSCH throughput

-
Block-error rate performance for different DL physical channels (e.g. PDCCH)

-
CSI statistics (e.g. CQI accuracy, throughput ratio for different CSI or test settings, etc.)

7.3
Summary of initial uncertainty assessment
The detailed analysis of MU factors affecting DL SNR accuracy/range measurement uncertainty is provided in Annex B.3.1.

<< Unchanged sections omitted >>
B.3.1
Direct near field (DNF) setup

B.3.1.1
Uncertainty budget calculation principle

The uncertainty tables cover the actual measurement using the DUT receiver. If applicable, any uncertainty arising from a calibration or alignment process before the measurements should also be included.
The MU budget should comprise of a minimum 5 headings:

1)
The uncertainty source,

2)
Uncertainty value,

3)
Distribution of the probability,

4)
Divisor based on distribution shape,

5)
Calculated standard uncertainty (based on uncertainty value and divisor).

B.3.1.2
Uncertainty budget format

Table B.3.1.2-1: Uncertainty contributions for T-put test with defined SNR at reference point

	UID
	Description of uncertainty contribution
	Details in annex

	During T-put measurement

	1
	gNB emulator SNR uncertainty
	B.3.1.4.1

	2
	gNB emulator DL EVM
	B.3.1.4.2

	3
	gNB emulator Fading model impairments
	B.3.1.4.3

	Note 1:
Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined

Note 2:
Handling of effects related to Quality of Quiet zone is not defined


B.3.1.3
Uncertainty assessment

The uncertainty assessment tables are organized as follows:

-
The uncertainty assessment for T-put measurement at defined SNR, is provided in Table B.3.1.3-1

Table B.3.1.3-1: Uncertainty assessment for T-put test with defined SNR at reference point

	UID
	Uncertainty source
	Uncertainty value


	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]



	During T-put measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator Fading model impairments Note 3
	[0.5dB]
	Norma
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:
Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined

Note 2:
Handling of effects related to Quality of Quiet zone is not defined 

Note 3:
The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment


B.3.1.4
Measurement error contribution descriptions

B.3.1.4.1
gNB emulator SNR uncertainty 

This contribution originates from setting the ratio of signal and noise in the conducted part of the test system. It is estimated to be the same as for LTE conducted testing in TS 36.521-1 Annex F, which is ±0.3dB. The default for values in 36.521-1 Annex F is 95% confidence interval, normal distribution. 

B.3.1.4.2
gNB emulator Downlink EVM 

When simulations of demodulation performance are run, the downlink signal is modelled with a defined EVM, representing imperfections in the signal transmitted by the gNB. This EVM value is agreed across companies to align simulations, and is normally lower than the gNB EVM requirement, to represent “typical” conditions. The EVM used for simulations is therefore built in to the requirement points, normally specified as the SNR required to meet a specified throughput, with a defined modulation and Reference channel, under defined propagation conditions.

For a conformance test, the EVM defined for the simulations is taken as a maximum allowed value for the test system, as a worse gNB emulator EVM would make the signal harder to demodulate, and disadvantage the UE. In a test system the EVM cannot normally be set to a specific value, but is specified to be no higher than a defined value.  

Following this approach, the uncertainty from gNB emulator Downlink EVM is a one-sided distribution, with beneficial effect. Without treating the positive and negative uncertainties separately, and as it would not make the SNR worse, the effective uncertainty is 0dB.   

B.3.1.4.3
gNB emulator fading model impairments 

This contribution originates from imperfections in the gNB emulator fading model, compared to the applied fading model. It is estimated to be the same as for LTE conducted testing in TS 36.521-1 Annex F, which is ±0.5dB. The default for values in 36.521-1 Annex F is 95% confidence interval, normal distribution.
B.3.1.5
Assessment of testable DL SNR range and accuracy for D=15cm

The signal and the noise provided by the test system are both attenuated by the over-the-air link loss. The UE noise then adds to the noise provided by the test system, hence degrading the SNR seen by the UE and potentially limiting the testable SNR range. The calculations and graphs in this subclause allow this SNR degradation to be assessed over a range of scenarios.

For conducted tests, the noise provided by the test system can be set much higher than the UE noise and the SNR degradation is negligible. However for over-the-air test systems, the power that can realistically be delivered into the test system probe antenna is limited, so the test point is likely to be closer to the UE noise and a small SNR degradation is allowable.
B.3.1.5.1
Method and Parameters 

The method is the same as B.2.1.5.1, but some values related to the test system are different, and provided in Table B.3.1.5.1-1. The calculation of noise level is in clause 7.2.1.3.




















	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	



Table B.3.1.5.1-1: Free Space path loss

	
	43GHz
	

	@0.5m separation
	-59.1
	dB

	
	
	

	
	
	


The radiative near field measurement distance is calculated for a DUT with radiating aperture D = 15cm, using the formula in clause 7.2.1.2:

Table B.3.1.5.1-2: Radiated near-field distance for D = 0.15m

	
	24GHz
	43GHz
	

	Wavelength
	0.0125
	0.0070
	m

	Radiated near-field distance
	0.32
	0.43
	m


B.3.1.5.2
Void 




	
	
	
	
	

	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	

	
	
	

	
	
	
	


B.3.1.5.3
Void 








B.3.1.5.4
SNR range for SNRRP - SNRBB ≤ 1dB 

Based on the method of setting the noise from the Test system to give a maximum of 1dB degradation in overall SNR between reference point and baseband, we can then work back through the signal chain to determine how high the SNR can be set. As the noise is set to a fixed level, the maximum SNR is set by the test system power amplifier and the channel bandwidth to be tested.

The SNR upper bound depends on the type of test system. For the Direct Near field (DNF) setup the diagram below illustrates the principle, and is based on the “DNF 100MHz” tab of the accompanying spreadsheet.

The process works back through the signal chain, from left to right in the diagram.
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Figure B.3.1.5.4-1: Estimation of SNR range for Direct near field (DNF)
The test equipment must supply at least the wanted noise level at the reference point. If the noise was lower, the degradation in SNR would be greater than 1dB, and may cause a conformant UE to fail.

The accuracy of setting the signal and noise levels has been taken as +/-[6.7]dB, which is based on the Direct Far Field measurement uncertainty for EIS in Table B.1.1.3-2. The uncertainty is subject to further analysis by RAN5.

During conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5. 

Inclusion of these two contributions directly reduces the maximum SNR that can be measured by a test system for a given channel bandwidth. To find the maximum SNR that can be measured by a test system with a specific Channel BW, the baseband SNR in the spreadsheet is increased until the value “Wanted signal + headroom, dBm/Ch BW” is just below the “TE Power amplifier 1dB compression, dBm” value. The resulting values are given in Table B.3.1.5.4-1.

Table B.3.1.5.4-1: Predicted SNR upper bound values for Direct Near field (DNF)

	Channel Bandwidth
	Maximum SNR

	100MHz
	[21.8dB]

	200MHz
	[18.7dB]


Note that these are UE baseband SNR values, so the Reference point figures used in TS 38.101-4 will be 1dB higher. Values are based on UE parameters and currently foreseen test equipment limitations, and could be improved in future.

Note that for the DNF method, values may need to be adjusted to take account of near-field effects. 
B.3.2
Direct far field (DFF) setup

The Measurement uncertainty contributions and uncertainty assessment are expected to be the same as for the Direct near field (DNF) setup in B.3.1.

B.3.2.1
Void

B.3.2.2
Void

B.3.2.3
Void

B.3.2.4
Void

B.3.2.5
Assessment of testable SNR range

The signal and the noise provided by the test system are both attenuated by the over-the-air link loss. The UE noise then adds to the noise provided by the test system, hence degrading the SNR seen by the UE and potentially limiting the testable SNR range.

For conducted tests, the noise provided by the test system can be set much higher than the UE noise and the SNR degradation is negligible. However for over-the-air test systems, the power that can realistically be delivered into the test system probe antenna is limited, so the test point is likely to be closer to the UE noise and a small SNR degradation is allowable.

B.3.2.5.1
Method and Parameters 

The method and parameters are the same as B.2.1.5.1. The calculation of noise level is in clause 7.2.1.3.

B.3.2.5.2
Void 

B.3.2.5.3
Void 

B.3.2.5.4
SNR range for SNRRP - SNRBB ≤ 1dB 

Based on the method of setting the noise from the Test system to give a maximum of 1dB degradation in overall SNR between reference point and baseband, we can then work back through the signal chain to determine how high the SNR can be set. As the noise is set to a fixed level, the maximum SNR is set by the test system power amplifier and the channel bandwidth to be tested.

The SNR upper bound depends on the type of test system. For the Direct Far field (DFF) setup the diagram below illustrates the principle, and is based on the “DFF 100MHz” tab of the accompanying spreadsheet.

The process works back through the signal chain, from left to right in the diagram.
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Figure B.3.2.5.4-1: Estimation of SNR range for Direct far field (DFF)
The test equipment must supply at least the wanted noise level at the reference point. If the noise was lower, the degradation in SNR would be greater than 1dB, and may cause a conformant UE to fail.


The accuracy of setting the signal and noise levels has been taken as +/-[6.7]dB, which is based on the Direct Far Field measurement uncertainty for EIS in Table B.1.1.3-2. The uncertainty is subject to further analysis by RAN5.

During conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5. 

Inclusion of these two contributions directly reduces the maximum SNR that can be measured by a test system for a given channel bandwidth. To find the maximum SNR that can be measured by a test system with a specific Channel BW, the baseband SNR in the spreadsheet is increased until the value “Wanted signal + headroom, dBm/Ch BW” is just below the “TE Power amplifier 1dB compression, dBm” value. The resulting values are given in Table B.3.2.5.4-1.

Table B.3.2.5.4-1: Predicted SNR upper bound values for Direct far field (DFF)

	Channel Bandwidth
	Maximum SNR

	100MHz
	[18.5dB]

	200MHz
	[15.5dB]


Note that these are UE baseband SNR values, so the Reference point figures used in TS 38.101-4 will be 1dB higher. Values are based on UE parameters and currently foreseen test equipment limitations, and could be improved in future.

B.3.3
Indirect far field (IFF) setup

B.3.3.1
Uncertainty budget calculation principle

The uncertainty tables cover the actual measurement using the DUT receiver. If applicable, any uncertainty arising from a calibration or alignment process before the measurements should also be included.
The MU budget should comprise of a minimum 5 headings:

1)
The uncertainty source,

2)
Uncertainty value,

3)
Distribution of the probability,

4)
Divisor based on distribution shape,

5)
Calculated standard uncertainty (based on uncertainty value and divisor).

B.3.3.2
Uncertainty budget format

Table B.3.3.2-1: Uncertainty contributions for T-put test with defined SNR at reference point

	UID
	Description of uncertainty contribution
	Details in annex

	During T-put measurement

	1
	gNB emulator SNR uncertainty
	B.3.3.4.1

	2
	gNB emulator DL EVM
	B.3.3.4.2

	3
	gNB emulator fading model impairments
	B.3.3.4.3

	Note 1:
Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined

Note 2:
Handling of effects related to Quality of Quiet zone is not defined


B.3.3.3
Uncertainty assessment

The uncertainty assessment tables are organized as follows:

-
The uncertainty assessment for T-put measurement at defined SNR, is provided in Table B.3.3.3-1

Table B.3.3.3-1: Uncertainty assessment for T-put test with defined SNR at reference point

	UID
	Uncertainty source
	Uncertainty value


	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]



	During T-put measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator fading model impairments Note 3
	[0.5dB]
	Normal
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:
Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined

Note 2:
Handling of effects related to Quality of Quiet zone is not defined

Note 3:
The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment


B.3.3.4
Measurement error contribution descriptions

B.3.3.4.1
gNB emulator SNR uncertainty 

See B.3.1.4.1

B.3.3.4.2
gNB emulator Downlink EVM 

See B.3.1.4.2

B.3.3.4.3
gNB emulator fading model impairments 

See B.3.1.4.3

B.3.3.5
Assessment of testable SNR range

The Assessment of testable SNR range follows the same principle as B.3.2.5, but the values related to the test system are different and provide a different testable SNR range.
B.3.3.5.1
Method and Parameters 

The method is the same as B.2.1.5.1, but the values related to the test system are different. The calculation of noise level is in clause 7.2.1.3.

B.3.3.5.2
Void 

B.3.3.5.3
Void 

B.3.3.5.4
SNR range for SNRRP - SNRBB ≤ 1dB 

Based on the method of setting the noise from the Test system to give a maximum of 1dB degradation in overall SNR between reference point and baseband, we can then work back through the signal chain to determine how high the SNR can be set. As the noise is set to a fixed level, the maximum SNR is set by the test system power amplifier and the channel bandwidth to be tested.

The SNR upper bound depends on the type of test system. For the Indirect Far field (IFF) setup the diagram below illustrates the principle, and is based on the “IFF 100MHz” tab of the accompanying spreadsheet.

The process works back through the signal chain, from left to right in the diagram.
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Figure B.3.3.5.4-1: Estimation of SNR range for Indirect far field (IFF)
The test equipment must supply at least the wanted noise level at the reference point. If the noise was lower, the degradation in SNR would be greater than 1dB, and may cause a conformant UE to fail.


The accuracy of setting the signal and noise levels has been taken as +/-[6.5]dB which is based on the Indirect Far Field measurement uncertainty for EIS in Table B.1.3.3-2. The uncertainty is subject to further analysis by RAN5. 

During conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5. 

Inclusion of these two contributions directly reduces the maximum SNR that can be measured by a test system for a given channel bandwidth. To find the maximum SNR that can be measured by a test system with a specific Channel BW, the baseband SNR in the spreadsheet is increased until the value “Wanted signal + headroom, dBm/Ch BW” is just below the “TE Power amplifier 1dB compression, dBm” value. The resulting values are given in Table B.3.3.5.4-1.

Table B.3.3.5.4-1: Predicted SNR upper bound values for Indirect far field (IFF)
	Channel Bandwidth
	Maximum SNR

	100MHz
	[19.0dB]

	200MHz
	[16.0dB]


Note that these are UE baseband SNR values, so the Reference point figures used in TS 38.101-4 will be 1dB higher. Values are based on UE parameters and currently foreseen test equipment limitations, and could be improved in future.

<< End of changes >>
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