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1.
Introduction

At RAN4#86bis in Melbourne, R4-1804667 [1] was presented on Link budget considerations for NR FR2 demodulation test setup. Also, a Way Forward on concluding the NR Testability Study Item was agreed in R4-1805899 [2].
For Demodulation, slide 5 of [2] covered proposals on open issues, including the achievable SNR accuracy and range:
· Perform an initial assessment of MU factors of target UE Demodulation performance metrics to evaluate the feasibility of test methodology.
· Achievable SNR accuracy and SNR range
Offline comments suggested that the method of assessing SNR range used in [1] should be included in TR 38.810 [3]. Also, it was commented that UE parameters such as Noise figure and Antenna gain are frequency band dependent. Later, it was also pointed out that no allowance had been made for UE Implementation loss, which is a factor included in EIS requirements derivation.
2.
Parameters and method 
To address these comments in a consistent way, we referred to R4-1804589 [4] kindly provided by Qualcomm, and pointed out as relevant by Intel. The relevant extracts are copied here:
	28G
	Intel
	LGE
	Huawei
	MediaTek
	Qualcomm (Plastic Packaging)
	Qualcomm

n257, n261

(Glass)

	Effective realized antenna array gain [dB]
	8
	10
	9
	7
	8.7
	9.5

	NF [dB]
	10
	10
	10
	9
	10
	10

	Total implementation loss [dB]
	9.6
	8.5
	7
	6.7
	4.6
	8.0

	Form factor de-sense (FFD)
	1
	-
	-
	-
	-
	-

	Sensitivity EIS [dBm]
	-85.41
	-89.73
	-90.01
	-89.31
	-92.11
	-89.3


Table 1 EIS and Contributing Parameters for 28G
	39G
	Intel
	LGE
	Huawei
	MediaTek
	Qualcomm (Plastic Packaging)
	Qualcomm

n260

(Glass)

	Effective realized antenna array gain [dB]
	7.5
	9
	9
	8.5
	10.4
	10.5

	NF [dB]
	11
	11
	12
	10.5
	11.6
	11.6

	Total implementation loss [dB]
	10.9
	9.5
	8
	7.7
	5.0
	8.4

	Form factor de-sense (FFD)
	1
	-
	-
	-
	-
	-

	Sensitivity EIS [dBm]
	-82.61
	-86.73
	-87.01
	-88.31
	-91.81
	-88.3


Table 2 EIS and Contributing Parameters for 39G
In general, we have taken the worst figures in each frequency range (shown in turquoise highlight), and rounded to the nearest dB. The handling of “Implementation loss” has been to consider it as a loss to the wanted signal, before combining with the UE noise.

In the original Anritsu contribution [1] some of the key parameters were rather hidden, so in the text proposal below for TR 38.810 they have been grouped unto three tables for UE parameters, Test system parameters, and Free Space path loss. A fourth table gives an example calculation, simply as an illustration.
The Text Proposal summarises the method, to capture it in TR 38.810 [3].
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7
UE demodulation and CSI testing methodology
7.1
General

Testability aspects of the UE have been considered. Unless otherwise indicated below, device under test (DUT) refers to UE nodes. The exact list of demodulation and CSI tests for the UE can only be determined once the core requirements are settled.
For frequency bands above 6GHz (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 demodulation and CSI testability
7.2
Measurement setup

7.2.1
Baseline setup

7.2.1.1
Description

The baseline measurement setup of UE demodulation and CSI characteristics for f > 6 GHz 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 of UE demodulation and CSI characteristics
The key aspects of the baseline setup are:

-
In an anechoic chamber

-
The criterion for determining the far-field distance is described in 7.2.1.3
-
One TRxP with a dual-polarized measurement antenna directed at the DUT
-
Fading Propagation Conditions
-
Fading propagation conditions between the DUT and the emulated gNB sources are modelled as Tapped Delay Line
-
A positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom
-
Together with the DUT, a capability to achieve a specific isolation between two nominally orthogonal paths from the dual-polarised TRxP to the UE, enabling Rank 2 transmission.
-
The capability may use per-port power reporting from the UE 
-
Once established, the setup is expected to be fixed and to be used with UE beamlock to allow testing of DUT baseband features under a “virtually cabled” scenario

-
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 with 1UL configuration, an LTE link antenna is used to provide the LTE link to the DUT

-
The LTE link antenna provides a stable LTE signal without precise path loss or polarization control
Applicability Criteria:

-
The system applies at least to DUTs with a radiating aperture of D ≤ 5cm

-
[A manufacturer declaration on the following elements is needed:

- 
Manufacturer declares antenna arrays size.

-
If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array.]
7.2.1.2
Parameter mapping to demodulation and CSI requirements

<Editor’s note: clause content is FFS>
7.2.1.3
Far-field criteria

Whether the system needs to be operated in the far field is FFS 
7.2.1.4
Testing and calibration aspects

<Editor’s note: clause content is FFS>

7.3
Summary of initial uncertainty assessment

<Editor’s note: clause captures the outcome of the UE demodulation test methodology development per SID objectives; detailed measurement uncertainty budgets are listed in Annex B>

7.3.1
Assessment of testable SNR range
7.3.1.1
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 7.3.1.1-1: 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 of 7dB, 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:

Table 7.3.1.1-2: Assumed Test system parameters
	
	24GHz
	43GHz
	

	P1dB amplifier power
	+23
	+15
	dBm

	Backoff from P1dB 
	-12
	-12
	dB

	Cable loss
	-7
	-7
	dB

	Probe antenna gain
	12
	12
	dB

	Power from Test antenna
	+16
	+8
	dBm

	Transmission bandwidth
	1
	GHz


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

Table 7.3.1.1-3: 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


7.3.1.2
Example calculation of SNR error
The example calculation of SNR error in Table 7.3.1.2-1 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 7.3.1.2-1: Example calculation for 15dB target SNR, 1GHz BW, 43GHz, 0.7m
	
	Signal
	Noise
	UE
	

	Target SNR
	15
	
	dB

	Power from Test antenna
	+8
	-7
	
	dBm/1GHz

	Free space path loss @0.7m
	-62
	-62
	
	dB

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

	UE Antenna Gain
	+8
	+8
	
	dB

	UE Implementation loss
	-11
	-11
	
	dB

	Wanted powers
	-147
	-162
	
	dBm/1Hz

	Thermal Noise
	
	
	-174
	dBm/1Hz

	UE Noise figure
	
	
	+12
	dB

	UE Noise
	
	
	-162
	dBm/1Hz

	S_rx and N_rx
	-147
	-159
	dBm/1Hz

	Achieved SNR
	(-147-(-159)) = 12
	dB

	SNR error
	(15-12) = 3
	
	dB


7.3.1.3
Graphs of SNR error for parameter combinations
[Placeholder for graphs, choice of parameters to be shown is FFS]
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