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<< Unchanged sections omitted >>
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 requirements in core specification TS 38.101-4 will be specified at the Reference point, according to the following principles:

-
Specify absolute Noc level at the Reference point
-
Noc level may have different value according to UE type 

-
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 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 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 parameters, so SNRRP = SNRBB + 1dB
-
The agreed UE parameters are defined in Table 7.2.1.3-1, and Figure 7.2.1.3-2 shows the principle
Table 7.2.1.3-1: Assumed UE parameters for UE Power class 3
	
	43GHz
	

	UE Antenna Gain (G_UE)
	8
	dBi

	UE Noise Figure (F_UE) 
	12
	dB

	UE Implementation loss (IL_UE)
	-11
	dB

	Nktb
	-174
	dBm/Hz
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Figure 7.2.1.3-2: Reference point SNRRP and Baseband SNRBB
The parameters in Table 7.2.1.3-1, together with 1dB difference between Reference point SNR and Baseband SNR, give Noc level of -153dBm/Hz at the Reference point for a Power Class 3 UE. The Noc value can be changed for other device types/categories in Rel-15 or future releases, maintaining SNRRP = SNRBB + 1dB.
The detail of how to capture the requirements in TS 38.101-4 will be decided by RAN4. It is FFS whether to include the relation between SNRBB and SNRRP in 38.101-4 and is for further discussion.

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.)

<< Unchanged sections omitted >>
B.3.1.5.2
Example calculation of SNR error 

The example calculation of SNR error in Table B.3.1.5.1-1 illustrates the method for a specific set of parameters. It starts by calculating the wanted signal S_tx and wanted noise N_tx at the test antenna, and calculates the wanted spectral densities seen by the UE receiver. It then calculates the unwanted noise, based on the noise figure of the UE receiver and thermal noise. The wanted and unwanted noise contributions are combined, to re-estimate the actual SNR seen by the UE receiver.

The set of parameters chosen here is not a recommendation, they are chosen only to illustrate the method.

Table B.3.1.5.2-1: Example calculation for 20dB target SNR, 1GHz BW, 24GHz, 0.7m

	
	Signal
	Noise
	UE
	

	Target SNR
	20
	
	dB

	Power from Test antenna
	+18
	-2
	
	dBm/1GHz

	Free space path loss @0.7m, 24GHz
	-57
	-57
	
	dB

	Scale power 1GHz to 1Hz
	-90
	-90
	
	dB

	UE Antenna Gain
	+7
	+7
	
	dB

	UE Implementation loss
	-10
	-10
	
	dB

	Wanted powers
	-132
	-152
	
	dBm/1Hz

	Thermal Noise
	
	
	-174
	dBm/1Hz

	UE Noise figure
	
	
	+10
	dB

	UE Noise
	
	
	-164
	dBm/1Hz

	S_rx and N_rx
	-132
	-151.7
	dBm/1Hz

	Achieved SNR
	(-132-(-151.7)) = 19.7
	dB

	SNR error
	(20-19.7) = 0.3
	
	dB


B.3.1.5.3
Graphs of SNR error for parameter combinations 

Based on the parameters in Tables B.3.1.5.1-1 to B.3.1.5.1-3, the SNR error is shown versus target SNR:

[image: image3.png]SNR Error [dB]

10

I
s

e
2
2

0.001

0.0001

0.7m distance @ 24GHz

SNR Target [dB]

1000 MHz 800 MHz 400 MHz 200 MHz 100 MHz

60




Figure B.3.1.5.3-1: SNR Error versus SNR target, 0.7m distance @ 24GHz
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Figure B.3.1.5.3-2: SNR Error versus SNR target, 0.7m distance @ 43.5GHz
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Figure B.3.1.5.3-3: SNR Error versus SNR target, 0.5m distance @ 24GHz
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Figure B.3.1.5.3-4: SNR Error versus SNR target, 0.5m distance @ 43.5GHz
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, with an example UE baseband SNR of 18dB and a free space path loss of 59.1dB.

The process works back through the signal chain, from right to left in the diagram, and generally uses the same values currently included in this technical report for 43GHz.
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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.

Generally, antenna gain is defined in the far field. For DNF, the use of probe antenna gain in this analysis is FFS. 

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. However, this is based on a far-field system, and the uncertainty analysis for a near-field system is likely to be different but 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
	[19.7dB]

	200MHz
	[16.7dB]


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.

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 Assessment of testable SNR range follows the same principle as B.3.1.5, but the values related to the test system are different and provide a different testable SNR range.
B.3.2.5.1
Void 

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, with an example UE baseband SNR of 15dB and a free space path loss of 62.3dB.

The process works back through the signal chain, from right to left in the diagram, and generally uses the same values currently included in this technical report for 43GHz.
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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.

Probe Antenna gain has no [ ] in this case as the probe antenna gain concept is applicable to Far Field, and it is based on TE vendors agreed assumption.

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
	[16.5dB]

	200MHz
	[13.5dB]


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.3.1.5, but the values related to the test system are different and provide a different testable SNR range.
B.3.3.5.1
Void 

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, with an example UE baseband SNR of 16dB and a free space path loss of 62.0dB.

The process works back through the signal chain, from right to left in the diagram, and generally uses the same values currently included in this technical report for 43GHz.
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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.

Probe Antenna gain has no [ ] in this case as the probe antenna gain concept is applicable to Far Field, and it is based on TE vendors agreed assumption.

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
	[17.0dB]

	200MHz
	[13.9dB]


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 >>
Please add the following attached file to TR 38.810:

“Baseband and Reference point SNR calculator_v1 in TR 38.810”
<< End of draft CR >>
