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1.
Introduction

The Study Item status report RP-190927 [1] covering test methods for New Radio lists a number of open issues in clause 2.3.1. For UE demodulation testing the following issues are identified:

2.3.1
Open issues of the SI or Core part WI or Testing part WI

· For UE RF testing methodology

· None

· For UE RRM testing methodology
· Reference point definition for the identified test parameters to be controlled by measurement system

· Feasibility of implementation of identified test parameters and metrics

· Initial assessment of the MU elements related to the identified metrics and parameters

· For UE demodulation testing methodology
· Applicability for demodulation measurement setup for possible far field and near field solutions.

· Identification of MU factors contributing to DL SNR accuracy and range

· Achievable DL SNR accuracy and range

This document considers the MU factors contributing to DL SNR accuracy and range, and includes a text proposal for TR 38.810 [2]. Detailed analysis of the SNR uncertainty is the responsibility of RAN5, and is not covered here. 

2.
MU factors for SNR 
For consistency with the uncertainty format for RF testing, the proposed Annex B.3.1 uses the same format as B.1.1, with a table provided listing the significant sources of uncertainty. The starting point was TR 38.810 Table B.1.1.3-2 for EIS measurement, since EIS is a test of the UE receiver. However, there are two major differences compared to RF test cases:

· For demodulation there is an alignment stage to isolate the horizontal and vertical polarisations, but no calibration measurement. All the uncertainties relating to calibration measurement are removed.
· The key parameter is SNR, which is a ratio between signal and noise. As the signal and noise are assumed to originate from the same Test equipment antenna, and to be received by the same UE antenna, via a common over-the-air path, absolute level uncertainties are not relevant.
Our current view of the sources of uncertainty relevant to a demodulation test, where SNR is the critical parameter, is given as a Text Proposal.
The existing TR 38.810 text under B.3.1 “Assessment of testable SNR range” has been moved to a subclause B.3.1.4.4 “Link loss and UE Rx noise”, to align with the format of other uncertainty contributions.
It is not clear at present whether the “Random uncertainty” identified for EIS in TR 38.810 clause B.1.1.4.9 is applicable to SNR. It has not been included here. Other sources of uncertainty may become evident as the demodulation scenarios and alignment procedure are defined.
Text and tables are provided for both Near Field and Far Field methods, although many values are FFS.
3.
Way Forward
The Text Proposal below is recommended to be endorsed for inclusion in the next version of TR 38.810.
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B.3
Measurement uncertainty budget for UE demodulation testing methodology

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 measurement at defined SNR (D = 15 cm)
	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

	4
	Link loss and UE Rx noise
	B.3.1.4.4

	Note 1: Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is FFS
Note 2: Handling of effects related to Quality of Quiet zone is FFS


B.3.1.3
Uncertainty assessment

The uncertainty assessment tables are organized as follows:

-
For the purpose of uncertainty assessment, the radiating antenna aperture of the DUT is denoted as D, and the uncertainty assessment has been derived for the case of D = 15 cm
-
The uncertainty assessment for T-put measurement at defined SNR, assuming D = 15 cm, is provided in Table B.3.1.3-1

Table B.3.1.3-1: Uncertainty assessment for T-put measurement at defined SNR (D = 15 cm)
	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
	[FFS]
	[FFS]
	[FFS]
	[FFS]

	4
	Link loss and UE Rx noise
	[FFS]
	One-sided, adverse
	[FFS]
	[FFS]

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

	Note 1: Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is FFS

Note 2: Handling of effects related to Quality of Quiet zone is FFS


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 fading model used in simulation. At present, the fading model is undefined and uncertainties arising from imperfections are [FFS].
B.3.1.4.4
Link loss and UE Rx noise 

This contribution originates from the over-the-air link loss and noise added at the front end of the UE. 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 limiting the testable SNR range. The calculations and graphs in this section allow this error contribution to be assessed over a range of scenarios.
At present, the test scenarios and associated SNRs are undefined and therefore the uncertainty is [FFS].
As the UE noise can only degrade the SNR set by the gNB emulator, the distribution is one-sided, with adverse effect.


B.3.1.4.4.1
Method and Parameters
For demodulation test, SNR is given as a test parameter to test the performance capability of demodulation of DUT under such SNR environment. Such SNR environment is generated by SS by injecting both desired signal and artificial noise (AWGN). To fulfil the purpose of the test, the configured SNR should be accurate enough at the UE receiver. If the absolute power level of the signal and noise from the Test system is too low, then the SNR would be degraded due to the UE’s internal noise. The actual SNR at the UE receiver can be considered as follows: 

SNR_actual =  S_rx/(N_rx+Nktb*F_UE)

Where,

F_UE : Noise figure of the UE

Nktb : Thermal noise level

S_rx, N_rx :  Received signal strength after UE receiver antenna of desired signal and AWGN (Artificial noise) respectively
SNR_target = S_rx /N_rx = S_tx/N_tx, which is given parameter for demodulation test

S_tx,  N_tx : is transmitted signal strength from test antenna

S_rx = (S_tx * <Free Space Pathloss>)*<(UE Antenna Gain*Implementation loss)>

N_rx = (N_tx * <Free Space Pathloss>)*<(UE Antenna Gain*Implementation loss)>.

In the above, all symbols are represented as linear (non-dB) values.

We note that in calculations for EIS, in addition to the UE receiver antenna gain and UE receiver noise figure, a term “Total implementation loss” is also used. The effect of this is to degrade the effective noise figure further. Noting also that the UE receiver antenna gain, noise figure and implementation loss depend on frequency, the following values have been used for assessing the testable SNR range:

Table B.3.1.4.4.1-1: Assumed UE parameters

	
	24GHz
	43GHz
	

	UE Antenna Gain
	7
	8
	dBi

	NF(F_UE) 
	10
	12
	dB

	Implementation loss
	-10
	-11
	dB

	Nktb
	-174
	-174
	dBm/Hz


The possible transmitted signal strengths from the test antenna S_tx,  N_tx depend on the capability of test system. The feasible tx power depends on the conducted cable losses, the Test system Tx antenna gain and the final amplifier characteristic, especially the P1dB compression point. Considering the cable losses, probe antenna gain of 12dB and commercially available mmWave Amplifiers, and the crest factor of the downlink signal (not to cause additional EVM error from TE side), the feasible tx power from the probe antenna is calculated below. The target EVM for Test system is FFS and Test system power backoff from the 1dB compression point may need to be adjusted accordingly.

Table B.3.1.4.4.1-2: Assumed Test system parameters

	
	24GHz
	43GHz
	

	P1dB amplifier power
	+23
	+23
	dBm

	Backoff from P1dB 
	-13
	-13
	dB

	Cable loss
	-4
	-7
	dB

	Probe antenna gain
	12
	12
	dB

	Power from Test antenna
	+18
	+15
	dBm

	Transmission bandwidth
	100M, 200M, 400M, 800M, 1G
	Hz


The third part to consider is the free space path loss between the probe antenna and the UE antenna, shown below:

Table B.3.1.4.4.1-3: Free Space path loss

	
	24GHz
	43GHz
	

	@0.5m separation
	-54.0
	-59.1
	dB

	@0.7m separation
	-57.0
	-62.0
	dB

	@1.0m separation
	-60.1
	-65.1
	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.3.1.4.4.1-4: 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.3.1.4.4.2
Example calculation of SNR error
The example calculation of SNR error in Table B.3.1.4.4.2-1 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.3.1.4.4.2-1: 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.3.1.4.4.3
Graphs of SNR error for parameter combinations
Based on the parameters in Tables B.3.1.4.4.1-1 to B.3.1.4.4.1-3, the SNR error is shown versus target SNR:
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Figure B.3.1.4.4.3-1: SNR Error versus SNR target, 0.7m distance @ 24GHz
[image: image2.png]SNR Error [dB]

10

I
s

0.01

0.001

0.7m distance @ 43.5GHz

SNR Target [dB]

1000 MHz 800 MHz 400 MHz 200 MHz 100 MHz

60




Figure B.3.1.4.4.3-2: SNR Error versus SNR target, 0.7m distance @ 43.5GHz
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Figure B.3.1.4.4.3-3: SNR Error versus SNR target, 0.5m distance @ 24GHz
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Figure B.3.1.4.4.3-4: SNR Error versus SNR target, 0.5m distance @ 43.5GHz
B.3.2
Direct far field (DFF) setup

<Editor’s note: clause content is FFS>

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 measurement at defined SNR (D = 15 cm)
	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

	4
	Link loss and UE Rx noise
	B.3.3.4.4

	5
	RF leakage from measurement antenna to receiver
	B.3.3.4.5

	Note 1: Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is FFS

Note 2: Handling of effects related to Quality of Quiet zone is FFS


B.3.3.3
Uncertainty assessment

The uncertainty assessment tables are organized as follows:

-
For the purpose of uncertainty assessment, the radiating antenna aperture of the DUT is denoted as D, and the uncertainty assessment has been derived for the case of D = 15 cm
-
The uncertainty assessment for T-put measurement at defined SNR, assuming D = 15 cm, is provided in Table B.3.3.3-1

Table B.3.3.3-1: Uncertainty assessment for T-put measurement at defined SNR (D = 15 cm)

	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
	[FFS]
	[FFS]
	[FFS]
	[FFS]

	4
	Link loss and UE Rx noise
	[FFS]
	One-sided, adverse
	[FFS]
	[FFS]

	5
	RF leakage from measurement antenna to receiver
	[FFS]
	[FFS]
	[FFS]
	[FFS]

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

	Note 1: Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is FFS

Note 2: Handling of effects related to Quality of Quiet zone is FFS 


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.3.3.4.4
Link loss and UE Rx noise 

This contribution originates from the over-the-air link loss and noise added at the front end of the UE. 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 limiting the testable SNR range. The calculations and graphs in this section allow this error contribution to be assessed over a range of scenarios.
An analysis for the related Direct Near Field setup is provided in B.3.1.4.4. The analysis for Indirect Far Field setup will have different parameter values, and is FFS. 
At present, the test scenarios and associated SNRs are undefined and therefore the uncertainty is [FFS].
As the UE noise can only degrade the SNR set by the gNB emulator, the distribution is one-sided, with adverse effect.

B.3.3.4.5
RF leakage from measurement antenna to receiver 

This contribution denotes noise leaking in to connector and cable(s) between measurement antenna and receiving/transmitting equipment.

<< End of text proposal >>
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