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1 Introduction

In RAN4 #87 the following agreements on the remaining open issues for the NR UE Demodulation FR2 test methodologies were made:
	· Allow the operation of the UE Demodulation test system in the radiative near field

· Minimum measurement distance defined according to the following formula:
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· where:

· D = DUT radiating aperture (D is vendor declared) 

· λ = wavelength

· Key test parameters for UE demodulation testing to be controlled by TE

· SNR of DL signal at reference point

· Reference point definition for DL SNR is the [UE RX baseband port]
· Faded DL channel

· Metrics for UE demodulation testing

· Typical UE Demodulation and CSI metrics (e.g. throughput, block-error rate, CSI statistics) similar to the metrics defined in the TS 36.101. 

· Remaining open issues

· Applicability for demod measurement set-up to be refined for possible far field and near field solutions.

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

· Initial assessment of SNR accuracy and SNR range completed. 
· Conclusions on the SNR accuracy and SNR range are FFS

· Note: Detailed analysis of MU for SNR is up to RAN5


In this contribution we provide our views on the remaining open issues for the UE Demodulation test methods.
2 Discussion

2.1 Reference point for DL SNR

In the previous meeting the Reference point for DL SNR modelling was discussed. The UE demodulation test method is focused on the baseband performance verification and based on the “cable replacement” methodology. Hence, UE baseband receiver point shall be used as the reference point for DL SNR definition.
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Figure 1. DL SNR reference point definition
Proposal #1:
Reference point definition for DL SNR is the UE receiver baseband port.
2.2 DL SNR accuracy and range
In the previous meeting multiple discussions on the SNR accuracy and range took place and methodology for the SNR accuracy/range assessment was agreed (TR 38.810 Section B.3.1). In particular, the methodology accounts for additional noise due UE RF impairments which may affect the emulated SNR accuracy in case the test signal TX power is not sufficient. In accordance to this analysis the following factors affecting the SNR accuracy can be identified:

· Emulated SNR level (i.e. supported SNR range)

· Test method and measurement equipment characteristics

· Measurement distance

· Measurement equipment probe antenna gain 

· Measurement equipment probe TX power

· DUT characteristics 

· Noise Figure 

· Antenna gain

· Implementation loss

In accordance to the analysis in TR 38.810 Annex B 3.1.1, the SNR error can be calculated as follows:
SNRTARGET = STX / NTX = SRX / NTX
SNRACTUAL = SRX / (NRX + Nktb * FUE)

SRX = STX * PL(d) * GUE * ILUE
NRX = NTX * PL(d) * GUE * ILUE
STX = PTX_MAX *α
NTX = PTX_MAX * α / SNRTARGET
ΔSNR = SNRTARGET / SNRACTUAL = 
= 1 + Nktb*FUE * (SNRTARGET + 1) / (PTX_MAX * PL(d) * GUE * ILUE)

where,

· SNRTARGET: Target SNR
· SNRACTUAL: Actual emulated SNR at reference point
· ΔSNR: SNR error
· FUE: Noise figure (NF) of the UE.
· Nktb: Thermal noise level.
· PTX_MAX: Probe max TX power (per Hz)
· α: power scaling factor to normalize total TX power (α = SNRTX /( SNRTX +1))

· STX: Transmit signal power for the desired signal
· NTX : Transmit signal power for the emulated
· SRX: Received signal power for the desired signal
· NRX: Received signal power for the emulated AWGN.
· PL(d): Free space pathloss, which depends on the measurement distance d between the test antenna and DUT.

· GUE: UE receive antenna array gain

· ILUE: UE receiver implementation loss
Note: In the above, all symbols are represented as linear (non-dB) values.

Below we illustrate the achievable SNR accuracy (ΔSNR) and emulated SNR (SNRRX) for the following conditions:

· Fc = 24GHz and 43GHz

· CBW = 100 MHz, 200 MHz, 400 MHz and 1GHz

· The remaining parameters are listed in Table 1 and based on TR 38.810 assumptions in Annex B 3.1.1
Table 1: SNR accuracy parameters
	Parameters
	Carrier frequency
	Units

	
	24GHz
	43GHz
	

	UE Antenna Gain
	7
	8
	dBi

	UE Noise Figure 
	10
	12
	dB

	UE Implementation loss
	-10
	-11
	dB

	Probe max TX power (per port)
	18
	15
	dBm

	Transmission bandwidth
	100, 200, 400, 1000
	MHz

	Measurement distance
	0.32, 0.50
	0.43, 0.50
	m
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Figure 2. SNR accuracy analysis
It may be observed that an achievable SNR accuracy is very sensitive to a target SNR value and an emulated SNR saturates at high SNR region. For the FR2 UE demodulation requirements it is expected that an operating SNR point shall not exceed 20-25 dB. In accordance to the results above the worst accuracy is observed for 43 GHz carrier frequency and 1GHz CBW. For 20dB and 25dB target SNR the worst achievable SNR accuracy is 1dB and 3 dB, respectively. For other conditions better SNR accuracy can be achieved. 
Same time, it is important to note that the analysis is done under certain UE design assumptions including up to 15 cm DUT, UE antenna gain and noise figure assumptions. The respective assumptions are typical for the smartphone UE types and for other devices types can be different. The MU also strongly depends on the test conditions as well as TE characteristics (mainly TX power) and measurement setup (measurement distance). Therefore, it may be difficult to come up with a single SNR error value which could characterize for all possible conditions. In order to ensure that SNR accuracy does not become the bottleneck for UE demodulation testing and that the SNR emulation errors are properly handled, the following framework is suggested:
1) UE demodulation requirements shall be adjusted to take into account the SNR emulation accuracy errors
UE demodulation performance can be rather sensitive to the actual SNR and therefore the accuracy shall be explicitly taken into account in the minimum requirements definition. The respective SNR adjustment can be further done by RAN5 when defining the SNR for the conformance requirements, while RAN4 may define the requirements without taking into account the SNR emulation accuracy. The test method and measurement equipment characteristics can be declared during the test procedure and taken into account in the SNR accuracy assessments. Meantime, UE characteristics are not expected to be declared and for the SNR assessment the worst case conditions can be assumed. In summary, the following framework is suggested:

1. RAN4 defines the minimum performance requirements without taking into account the SNR emulation errors from TE side (SNRMin)

2. The SNR corresponding to the minimum performance requirements is further increased by RAN5 to take into account the SNR emulation errors (SNRMin + ΔSNR)

3. SNR emulation error can be derived as follows

a. Option A: SNR emulation error re-calculated for each test setup based on the worst case UE assumptions captured in TR 38.810 (noise figure, antenna gain, implementation loss) and declared test equipment parameters (transmit power, measurement distance).

b. Option B: Fixed pre-defined ΔSNR is used for all requirements (e.g. 1dB).
2) Define upper bound SNR emulation accuracy
The simulation results show that an emulated SNR saturates at a high SNR region. Therefore, simple extensions of the minimum SNR requirement may not work properly for large SNR errors and upper bound SNR emulation error shall be specified. For instance [1] dB upper bound error can be considered. The tests can be executed only in case the expected SNR error does not exceed the particular value.
3) Define constraints on possible test conditions and/or TE parameters

In addition, RAN4 shall further discuss whether maximum SNR error shall be specified and whether any constraints on the possible test conditions (incl. tested frequency bands, maximum tested CBW, and maximum tested SNR). In addition, RAN4 shall discuss whether to introduce any constraints on the expected measurement setup (TE) parameters. For instance, it is possible to introduce the minimum requirements on the expected RX signal power for the desired signal (i.e. PTX_MAX * PL(d)).
Proposal #2:
Explicitly take into account the SNR emulation error in the minimum requirements definition for UE conformance tests in RAN5.
Proposal #3:
Introduce [1] dB upper bound SNR emulation error. 
Proposal #4:
Further discuss whether maximum SNR error shall be specified and whether any constraints on the possible test conditions (incl. tested frequency bands, maximum tested CBW, and maximum tested SNR) or TE parameters (e.g. RX signal power for the desired signal) shall be introduced.
2.3 Test Equipment RF impairments

The effective SNR observed at the UE side depends on the TX EVM level generated by the test equipment. The TX EVM may comprise two components: 1) Test equipment RF impairments and 2) Emulated TX EVM. All LTE minimum performance requirements are defined under certain TX EVM assumptions and same approach will be used for NR requirements. For LTE the TE was not forced to emulate the TX EVM and the actual EVM in the conducted tests included TE RF impairments only. Similar approach can be adopted for NR testing and test system TX EVM level shall not exceed the EVM used to define the minimum performance requirements to avoid defining additional MU elements. For instance, for FR2 testing the TE shall ensure that the overall TX EVM is not worse than 6% for QPSK/16QAM/64QAM performance requirements. Also, assuming possible extension of the requirements in future to 256QAM, it is also desirable to ensure lower values could be supported from the very beginning (e.g. 2.5% to 3%).
Proposal #5:
Measurement system shall support TX EVM not worse than [6%] for QPSK/16QAM/64QAM performance requirements.
2.4 SS-RSRPB reporting accuracy

For the purpose of isolating the signals on the two receiver ports in the UE demodulation test setup, the measurements equipment performs the calibration procedure and adjusts the transmit signals taking into account the SS-RSRPB reports from the UE. Therefore, the accuracy of SS-RSRPB reporting may have impact on the overall MU for the UE demodulation setup. In order to minimize the MU the SS-RSRPB based calibration procedure shall be done under noise-free conditions and for the frequency flat channel such that the RSRP measurement accuracy is good enough. The exact RSRP accuracy can be further assessed as a part of work on the RRM Performance requirements definition and further provided to RAN5 WG.
Proposal #6:
SS-RSRPB measurements and reporting are done under noise-free conditions and for the frequency flat channel.

2.5 NR FR1 link modelling

In accordance to the current agreements the test setup shall support LTE link modelling for the NSA performance requirements. It is expected that test equipment shall provide stable and reliable LTE links. 
	-
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


The similar concept shall be used to enable joint NR CA FR1 + FR2 testing which may be introduced in Rel-15 or later. For example, such setup may be required to enable SDR tests for NR CA modes and it the test setup shall ensure that both FR1 and FR2 signals can be simultaneously provided to the DUT.
Proposal #7:
Measurement system shall be able to provide noise-free NR FR1 signals to the DUT.
2.6 Noise emulation

Normal UE demodulation requirements will be defined under certain SNR conditions. For the purpose of such tests the measurement system will emulate both desired and noise signals (artificial noise) in order to replicate certain SNR conditions. Meantime, the sustained data rate (SDR) requirements will be defined under noise-free conditions. Therefore, FR2 test methods shall support emulation of both noise-limited and noise-free conditions. 
Proposal #8:
UE demodulation test setup shall support emulation of noise-limited and noise-free test conditions.
2.7 Phase noise effects emulation
For certain UE demodulation requirements it may be beneficial to explicitly emulate the gNB TX phase noise (e.g. based on the models defined in the TR 38.901). Phase noise typically results in 2 main effects: 1) common phase error (CPE) per each OFDM symbol and 2) inter-carrier interference (ICI). NR UEs are expected to be capable to suppress the CPE impacts. Assuming that the test equipment has its own RF impairments it may be difficult to emulate the particular full phase noise model and guarantee that it will ensure certain characteristics. Therefore, it is recommended on the feasibility of emulation of phase noise impairments at the TE side. For instance the following options are envisioned: 

· Option 1: Explicitly emulate certain phase noise model
· Option 2: Emulate only the common phase error effects due to phase noise only
· Option 3: Do not emulate phase noise model
Proposal #9:
Further discuss feasibility of phase noise emulation at the TE side.
3 Conclusion

In this contribution we provided our views on the remaining open issues for the UE Demodulation test methods. In summary, we make the following proposals:
Proposal #1:
Reference point definition for DL SNR is the UE receiver baseband port.
Proposal #2:
Explicitly take into account the SNR emulation error in the minimum requirements definition for UE conformance tests in RAN5.
Proposal #3:
Introduce [1] dB upper bound SNR emulation error. 
Proposal #4:
Further discuss whether maximum SNR error shall be specified and whether any constraints on the possible test conditions (incl. tested frequency bands, maximum tested CBW, and maximum tested SNR) or TE parameters (e.g. RX signal power for the desired signal) shall be introduced.
Proposal #5:
Measurement system shall support TX EVM not worse than [6%] for QPSK/16QAM/64QAM performance requirements.
Proposal #6:
SS-RSRPB measurements and reporting are done under noise-free conditions and for the frequency flat channel.

Proposal #7:
Measurement system shall be able to provide noise-free NR FR1 signals to the DUT.
Proposal #8:
UE demodulation test setup shall support emulation of noise-limited and noise-free test conditions.
Proposal #9:
Further discuss feasibility of phase noise emulation at the TE side.
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