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1 Introduction
In RAN4 AH1807 the following agreements on the remaining open issues for the NR UE Demodulation FR2 test methodologies were made [1]:
	SNR Reference point

· Agreement from the Ad-hoc:
· The reference point for DL SNR and signal/noise power levels is point X in space inside the test chamber
· Point X definition is FFS for UE demodulation setup
· Further discuss on how to handle the mismatch of SNR at the UE baseband and the reference point and methodology how to capture it in the UE performance requirements
· Proposal:
· SNR Reference point: 
· For Near-Field setup:
· The reference point for SNR is defined as the intersection of the axes of rotation of the positioning system(s).
· For Far-Field (Direct or Indirect) setup:
· The reference point for SNR is defined as the geometrical center of the QZ.
· How to calculate the SNR at the reference point for a wanted SNR at the BB of the UE:
· RAN4 defines a methodology how to calculate the SNR set by the TE at the reference point for a wanted BB SNR
· How to capture the methodology and corresponding SNR value in the specification is FFS
SNR Accuracy and Range

· Agreement from the Ad-hoc for RRM:
· Further capture in the TR the SNR range which can be emulated by the test system with SNR error of [1] dB (note: this value is not expected to be used as MU value)
· Proposals:
· In RAN4#88: Identify approximate SNR upper bound to allow RAN4 demod experts to make a prioritization of test cases
· TE Vendors to bring proposals on the max feasible SNR value
· RAN4 UE Demodulation and CSI requirements can be defined for any SNR range
· In case the required SNR is larger than the SNR upper bound, the corresponding requirement can currently not be tested
Initial MU assessment

· Background:
· Identification of MU factors contributing to DL SNR accuracy and range (open issue according to R4-1808541)
· Proposal:
· Following parameters have been identified:
· gNB emulator SNR uncertainty
· gNB emulator DL EVM
· gNB emulator Fading model impairments
· RF leakage from measurement antenna to receiver 
· The identified parameters shall be captured in TR 38.810. Exact values are to be defined by RAN5. 
· Anritsu TP R4-1809511 will capture the proposal.
Other identified open issues

· How to capture different test system applicability in the TR (NF, DFF, IFF)
· Applicability for NF, DFF and IFF to be captured in the TR 38.810
· Proposal:
· Exact wording to be captured in the revised Keysight TP R4-1809512
· FR1 link to the UE in case of CA between FR1 and FR2
· Similar as for NSA, the system needs to be able to provide a FR1 Link to the UE in case of CA between FR1 and FR2.
· Proposal:
· Measurement system shall be able to provide an uncalibrated, noise-free link for NR FR1 signals to the DUT. 
· No performance verification for joint CA between FR1 + FR2.
· Noise-free scenarios support
· For some TCs like SDR the emulation of test condition without additional AWGN is necessary
· Proposal:
· UE demodulation test setup shall support emulation of noise-limited and noise-free test conditions.
· TE Tx EVM
· Proposal:
· Reuse the same approach as for LTE. Measurement system shall support TX EVM not worse than [6%] for QPSK/16QAM/64QAM performance requirements 
· Tx EVM is defined at the reference point (see slide 2)
· Next step is to identify feasible power levels for the TE


In this contribution we provide our views on the remaining open issues for the UE Demodulation test methods.
2 Discussion
2.1 SNR definition, accuracy and range
In the previous meeting extensive discussions on the SNR definition and achievable accuracy and range took place. Multiple agreements were reached but still several aspects need further discussion. The main open issues are:
1) Which SNR shall be used to define the minimum performance requirements

2) Methodology how to calculate the SNR set by the TE at the reference point for a wanted BB SNR
3) Approximate SNR upper bound
How to define the UE Demodulation requirements
The test equipment was agreed to be able to control the SNR at the reference point which is defined as the intersection of the axes of rotation of the positioning system(s) for the NF setup and as the geometrical centre of the QZ for the DFF setup. Meantime, due to UE RF noise floor and constrained test system TX signal power there may be certain mismatch between the DL SNR emulated by the test system at the reference point and the SNR observed at the UE BB. 
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Figure 1. SNR definition for UE Demodulation performance requirements
The actual mismatch between that SNRBB and SNRRP may depend on multiple factors, which include both UE and TE implementation, as well as test parameters and more detailed background is provided in the TR 38.810 Annex B.3.1.5. It may be noted that SNRBB depends purely on the UE baseband implementation and is aligned with the conventional SNR used to define the LTE and NR FR1 performance requirements. Meantime, in order to guarantee a certain level of target SNRBB observed at the UE the SNRRP shall be adjusted and the actual value will depend on the TE and UE implementation parameters. Hence, SNRRP is not suitable to define the minimum performance requirements in the TS 38.101-4. In order to avoid dependency of the minimum performance requirements on the particular TE implementation it is suggested that all UE minimum requirements in TS 38.101-4 are defined for the baseband SNR observed at the UE side. 
Proposal #1:
The minimum UE demodulation and CSI reporting requirements in the TS 38.101-4 are defined with respect to the SNR observed at the UE baseband (SNRBB).
Methodology to calculate the SNR set by the TE
UE Demodulation and CSI reporting performance requirements are defined for the SNR point (SNRREQ) which as proposed above corresponds to the UE baseband SNR (SNRBB). During testing the TE shall generate the signals with SNRRP in the reference point. The measurement system may recalculate the emulated SNRRP at the reference point taking into account the test parameters, TE characteristics and UE characteristics. In particular the SNRRP shall be set in a way to ensure that SNRBB  ≥ SNRREQ (the TE should strive to achieve SNRBB  = SNRREQ). For the performance testing, the measurement system. In particular, the following equation can be applied (see Annex A for more details):
SNRRP = SNRREQ (1 + A) / (1-A*SNRREQ)

A = Nktb * AUE / ATE

AUE = FUE / (GUE * ILUE) 

ATE = (PTX_MAX * PL)

where,

· SNRRP: Reference point SNR
· SNRREQ: Target requirement SNR at the UE baseband
· FUE: Noise figure (NF) of the UE.
· GUE: UE receive antenna array gain

· ILUE: UE receiver implementation loss 
· Nktb: Thermal noise level.
· PTX_MAX: Probe max TX power (per Hz)

· PL(d): Free space pathloss, which depends on the measurement distance d between the test antenna and DUT.

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

It may be observed that the SNRRP will depend on multiple UE and TE parameters. For the UE parameters it is possible to use the worst case assumptions based on the parameter described in TR 38.810 B.3.1.5. Additional refinement of the tables may be needed once additional UE power classes / FR2 UE types are introduced.

Alternatively, a dedicated SNR calibration procedure can be applied to ensure that reference point SNR allow achieving target SNR at the UE baseband. In particular, the TE can use the SS-SINR or CSI-SINR reporting from the UE side in order to adjust the SNRRP in order to achieve the target baseband SNR. For instance, the TE can perform screening for a range of different SNRRP values and generate the DL signals with certain SNRRP in the reference point. The UE may performs the measurement of the DL signal SNR and report back to the TE. The TE can use the reported value to adjust the SNRRP during the test to ensure that achieve SNRBB is close to the SNRREQ value. Such approach could minimize the dependency of the SNR recalculation procedure on the actual UE parameters and thus improve the overall measurement reliability.
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Figure 2. SNR calibration procedure
Proposal #2:
The measurement system shall adjust the reference point SNR (SNRRP) to achieve target baseband SNRBB using one of the two approaches
· Method 1: Recalculate the reference point SNR (SNRRP) from the SNRBB taking into account the test parameters, measurement system characteristics and the worst case UE design assumptions

SNRRP = SNRBB (1 + A) / (1-A*SNRBB)

A = Nktb * AUE / ATE

AUE = FUE / (GUE * ILUE) 

ATE = (PTX_MAX * PL)

· Method 2: Perform SNR calibration procedure using the SS-SINR or CSI-SINR reporting from the UE side in order to adjust the SNRRP to achieve the target SNRBB
SNR upper bound

In accordance to the previous meeting discussion it would be beneficial to identify the testable SNR range for the Rel-15 requirements methods in a way to provide guidance to the RAN4 demodulation experts to make a prioritization of test cases. In our view, based on analysis in [2], the measurement system should be capable to ensure verification for the SNRBB of at least [20] dB for the CBW ≤ 400 MHz and respective conclusions can be captured in the SI conclusions.
Proposal #3:
The measurement system shall support verification for the SNRBB of at least [20] dB for the CBW ≤ [400] MHz.
2.2 TE TX EVM

In accordance to RAN4 AH 1807 agreements “Measurement system shall support TX EVM not worse than [6%] for QPSK/16QAM/64QAM performance requirements” and “Next step is to identify feasible power levels for the TE”. In our view, there is no strong need to specify feasible TE power levels and it can be left up to TE implementations.
Proposal #4:
Do not specify feasible power levels for the TE
2.3 FR1-FR2 / FR2 Inter-RAT test coverage
In accordance to RAN4 AH 1807 agreements “Similar as for NSA, the system needs to be able to provide a FR1 Link to the UE in case of CA between FR1 and FR2. … Measurement system shall be able to provide an uncalibrated, noise-free link for NR FR1 signals to the DUT. No performance verification for joint CA between FR1 + FR2.” Possibility of verification of the performance of NR FR1 link or LTE links even under noise free conditions could be beneficial to ensure that UE can operate in the realistic environment and further inputs from TE vendors on the feasibility of the respective approach are encouraged. In case proper NR FR1 and LTE link modelling cannot be supported in Rel-15 timeframe, additional analysis make take place in the Rel-16.

Proposal #5:
Further discuss feasibility of LTE and NR FR1 performance verification in Rel-16 scope
3 Conclusion
In this contribution we provided views on the remaining open issues for the NR Test Methods for UE demodulation. In summary, we have the following proposals: 
Proposal #1:
The minimum UE demodulation and CSI reporting requirements in the TS 38.101-4 are defined with respect to the SNR observed at the UE baseband (SNRBB).
Proposal #2:
The measurement system shall adjust the reference point SNR (SNRRP) to achieve target baseband SNRBB using one of the two approaches

· Method 1: Recalculate the reference point SNR (SNRRP) from the SNRBB taking into account the test parameters, measurement system characteristics and the worst case UE design assumptions

SNRRP = SNRBB (1 + A) / (1-A*SNRBB)

A = Nktb * AUE / ATE

AUE = FUE / (GUE * ILUE) 

ATE = (PTX_MAX * PL)

· Method 2: Perform SNR calibration procedure using the SS-SINR or CSI-SINR reporting from the UE side in order to adjust the SNRRP to achieve the target SNRBB
Proposal #3:
The measurement system shall support verification for the SNRBB of at least [20] dB for the CBW ≤ [400] MHz.
Proposal #4:
Do not specify feasible power levels for the TE
Proposal #5:
Further discuss feasibility of LTE and NR FR1 performance verification in Rel-16 scope
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Annex A – Reference point SNR calculation

Reference point SNR for UE demodulation testing can be recalculated from the BB SNR using the following procedure
	SNRREQ = SRX / (NRX + Nktb * FUE)
	(1)

	SNRRP = STX / NTX = SRX / NRX
	(2)

	SRX = STX * PL * GUE * ILUE
	(3)

	NRX = NTX * PL * GUE * ILUE
	(4)

	STX = PTX_MAX *α
	(5)

	NTX = PTX_MAX * α / SNRRP
	(6)

	α = SNRRP /( SNRRP +1)
	(7)

	1/SNRREQ = NRX/SRX + Nktb * FUE / SRX = 1/SNRRP + Nktb * FUE / SRX
	(8)

	1/SNRRP = 1/SNRREQ - Nktb * FUE / SRX = 

 = 1/SNRREQ - Nktb * FUE / (STX * PL * GUE * ILUE) = 

= 1/SNRREQ - Nktb * FUE / (PTX_MAX * PL * GUE * ILUE * SNRRP /( SNRRP +1))
	(9)

	SNRRP = SNRREQ (1 + A) / (1 - A*SNRREQ)

A = Nktb * AUE / ATE

AUE = FUE / (GUE * ILUE) 

ATE = (PTX_MAX * PL)
	(10)


where,

· SNRRP: Reference point SNR
· SNRREQ: Target requirement SNR at the UE baseband

· 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.
· FUE: Noise figure (NF) of the UE.
· GUE: UE receive antenna array gain

· ILUE: UE receiver implementation loss 
· Nktb: Thermal noise level.
· PTX_MAX: Probe max TX power (per Hz)

· PL: Free space pathloss, which depends on the measurement distance d between the test antenna and DUT.

Note: all values are represented in linear (non-dB) scale
PAGE  
6/6

UE
TE
Reference point for test parameters control



RF


Array
Baseband


Reference point for min requirements SNR
SNRRP
SNRBB



UE (DUT)
TE
1. Emulate SNRRP in the reference point



RF


Array
Baseband


2. Estimate SNR
3. Report measured SNR to the TE



