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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 [17] 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 UE power class and capabilities 

-
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 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 -153 dBm/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 following methodology to define the Noc level for the band X (Band_X) and power class Y (PC_Y) can be used for the single carrier case:

Noc(Band_X, PC_Y) = -153 dBm/Hz + REFSENS(Band_Y, PC_Y, 50MHz) –
– REFSENS(Band_n260, PC_3, 50 MHz)

For the Noc values applicable for the UE power classes and frequency bands defined in Rel-15 in TS 38.101-2 [16] are provided in Table 7.2.1.3-2.

Table 7.2.1.3-2. Noc power level for different UE power classes and frequency bands

	Operating band
	UE Power class

	
	1
	2
	3
	4

	n257
	-164,8
	-161,8
	-155,6
	-164,3

	n258
	-164,8
	-161,8
	-155,6
	-164,3

	n260
	-161,8
	
	-153,0
	-162,3

	n261
	-164,8
	-161,8
	-155,6
	-164,3



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.
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