[bookmark: _Hlk6897498][bookmark: _Hlk3548187][bookmark: _Toc508617208]3GPP TSG-RAN5 Meeting #87-e		R5-202127r1
Electronic Meeting, 18 May – 29 May 2020

Agenda item:	5.3.2.17
Source:	Keysight Technologies
Title:	On NR FR2 Demodulation MUs
Document for:	Discussion and Endorsement
Introduction
This contribution is investigating select MU elements for NR FR2 demodulation test cases and whether the elements apply to demodulation test cases just like they did for UE RF REFSENS test case. 
Discussion
In the last meeting, the baseline MU Table for Mode 1 (conditions with external noise) and for Mode 2 (noise free conditions) demodulation test cases were agreed in [1]. Many MU elements in those tables correspond to MU elements from the UE RF REFSENS MU table in Clause B.19 of [2]. However, the applicability of the UE RF MU elements to demodulation Mode 1 and Mode 2 test case has not been established and is the basis of this contribution.
In [3], we provided documentation and supporting information for various MU elements. Similar information has been added to the MU tables in [1] below, i.e., in Table 1 for Mode 1 and in Table 2 for Mode 2. 

It is important to point out that the REFSENS test case requires the RX beam steered in the RX beam peak direction and select MU elements quantify the uncertainty of not measuring exactly at the “true” beam peak. On the other hand, demodulation test cases do not have to be performed at the RX beam peak as the EIS in the test direction “just” has to meet the REFSENS requirement. As such, some MU elements should not be applicable the same way they were for the REFSENS test case.
The MU elements related to positioning and/or misalignments:
· Positioning misalignment
· DUT repositioning
· Misalignment of positioning system
· Positioning and pointing misalignment between the reference antenna and the measurement antenna
were derived based on statistical analyses how small deviations in positioning misalignment affect EIS measurements at the desired beam peak position when compared to the actual position. If the verification that the UE meets the REFSENS requirement in the desired test direction is performed immediately before the execution of the demodulation test case or if the REFSENS verification was performed without any device re-positioning between the initial verification and the execution of the demodulation test case, these MU elements should not be applicable (uncertainty value of 0dB) as absolute power variations due to positioning/misalignments from the RX beam peak are irrelevant. Whether these MU elements apply to Mode 1 test cases needs to be further studied.
[bookmark: _Ref39777824]Observation 1: MU elements related to positioning and/or misalignments (Positioning misalignment, DUT repositioning, Misalignment of positioning system, Positioning and pointing misalignment between the reference antenna and the measurement antenna) for Mode 1 and Mode 2 test cases can be considered negligible if the REFSENS condition was verified without any re-positioning between the verification and the start of the demodulation test case. 
However, if the UE was re-positioned between the initial verification and the execution of the test case, these MU element descriptions and uncertainty values are applicable just as outlined for the REFSENS test case (worst case assumption). 
[bookmark: _Ref39777825]Observation 2: MU element descriptions and uncertainties related to positioning and/or misalignments (Positioning misalignment, DUT repositioning, Misalignment of positioning system, Positioning and pointing misalignment between the reference antenna and the measurement antenna) for Mode 1 and Mode 2 test cases should be re-used from the REFSENS test case if the UE has been re-positioned between the REFSENS verification and the start of the demodulation test case. 
As outlined above, requiring a REFSENS verification before each demodulation test case would allow a small reduction in MU at the expense of test time. In order to optimize overall test time for demodulation test cases, it is proposed to re-use MU element descriptions and uncertainties the from the REFSENS test case
[bookmark: _Ref39696905]Proposal 1: Regarding MU elements related to positioning and/or misalignments (Positioning misalignment, DUT repositioning, Misalignment of positioning system, Positioning and pointing misalignment between the reference antenna and the measurement antenna) for Mode 1 and Mode 2 test cases: re-use from the REFSENS test case.
The ‘Systematic error related to beam peak search’ of 0.5dB was based on a statistical analysis of the offset of beam peak search measurements from the beam peak that contains 95% of the distribution (alternatively, the value at which the CDF is 5%) and was a function of the beam peak search measurement grid [4]. This MU element should only be applicable to Mode 2 demodulation test cases when the RX beam peak search, documented in K.1.2 of [5], was used and little to no margin to the REFSENS requirement was observed. When sufficient margin, e.g., greater than the [0.5]dB systematic error, to the REFSENS requirement is observed at the test direction, this MU element should not be applicable and considered 0dB. 
Given the lack of empirical data, either more time to further study this MU element is requested or the worst case assumption, i.e., re-use the ‘Systematic error related to beam peak search’ of 0.5dB from the REFSENS test case, should be assumed. Even if the worst case assumption of 0.5dB systematic error is assumed for now, this uncertainty can be further minimized in a Study Item tailored to improve overall FR2 MU [8]. Feedback from the OEMs is requested. 
[bookmark: _Ref39777826][bookmark: _Ref39696906]Proposal 2: Feedback from the OEMs is requested: allow more time to further study the ‘Systematic error related to beam peak search’ for Mode 2 demodulation test cases or assume the worst case, i.e., re-use the ‘Systematic error related to beam peak search’ of 0.5dB from the REFSENS test case. 
Many MU elements should be applicable the same way for Mode 2 demodulation test cases as they were for the REFSENS test case as it was agreed that the UE RF system is applicable to demodulation test cases, e.g., it was decided to apply the multiple measurement antenna uncertainty to demodulation test cases even though this concept was introduced for spurious emissions testing. Due to the agreed re-use of the UE RF test methodology and the similarity of Mode 2 test cases with REFSENS test case, it is proposed to re-use most descriptions and uncertainty values of MU elements. Specifically, the descriptions and uncertainty values of MU elements: Measure distance uncertainty, Standing wave between the DUT and measurement antenna, Phase curvature, Random uncertainty, Influence of the XPD, Multiple measurement antenna uncertainty, Uncertainty of the Network Analyzer, Uncertainty of the absolute gain of the calibration antenna, Standing wave between reference calibration antenna and measurement antenna, Influence of the calibration antenna feed cable, RF leakage (from measurement antenna to the receiver/transmitter) for Mode 2 test cases should be re-used from REFSENS test case. However, since Mode 2 demodulation test cases assume different power levels, the following MU elements need to be re-evaluated: Mismatch, gNB uncertainty on absolute level, Amplifier uncertainties, Insertion Loss Variation, and. RF leakage (from measurement antenna to the receiver/transmitter).
[bookmark: _Ref39696907][bookmark: _Ref39777827]Proposal 3: Re-use the descriptions and uncertainty values of MU elements for Mode 2 test cases from REFSENS test case: Measure distance uncertainty, Standing wave between the DUT and measurement antenna, Phase curvature, Random uncertainty, Influence of the XPD, Multiple measurement antenna uncertainty, Uncertainty of the Network Analyzer, Uncertainty of the absolute gain of the calibration antenna, Standing wave between reference calibration antenna and measurement antenna, Influence of the calibration antenna feed cable, RF leakage (from measurement antenna to the receiver/transmitter)
[bookmark: _Ref39777828]Proposal 4: Re-evaluate the uncertainty values of MU elements for Mode 2 test cases: Mismatch, gNB uncertainty on absolute level, Amplifier uncertainties, Insertion Loss Variation, and RF leakage (from measurement antenna to the receiver/transmitter)
For Mode 1 test cases, many system/equipment uncertainties should not be re-used from REFSENS without further investigations as fixed SNR vs absolute power levels could yield different uncertainties. 
[bookmark: _Ref39696908]Proposal 5: Further evaluate the descriptions and uncertainty values of the following MU elements for Mode 1 test cases: Measure distance uncertainty, Mismatch, Standing wave between the DUT and measurement antenna, Phase curvature, Amplifier uncertainties, Influence of the XPD, Insertion Loss Variation, RF leakage (from measurement antenna to the receiver/transmitter), Multiple measurement antenna uncertainty, Uncertainty of the absolute gain of the calibration antenna, Phase centre offset of calibration antenna, Standing wave between reference calibration antenna and measurement antenna, Influence of the calibration antenna feed cable, Insertion Loss Variation, Positioning misalignment, DUT repositioning, Misalignment of positioning system, Positioning and pointing misalignment between the reference antenna and the measurement antenna
The Quality of Quiet Zone validation approach for Mode 1 test cases also needs to be re-evaluated. Feedback from OEMs and chipset manufacturers is requested whether the assumptions made in [7] are still applicable to demodulation testing, i.e., cross-polarized transmission and no spatial MIMO:
	· Proposal 1. Adopt “pure baseband” testing methodology for demodulation performance testing in FR2.
· Assumes max rank 2 with cross polarized transmission
· Rank 2 spatial MIMO would not be included


[bookmark: _Ref39777867][bookmark: _Ref39696909]Proposal 6: OEMs and chipset vendors to confirm that demodulation testing only assumes cross-polarized transmission and no spatial MIMO. 
The current idea is that the Quality of Quiet zone MU for Mode 1 test cases could be considered negligible if the transmission is based on cross polarization since relative signal ripple within the quiet zone has no effect on SNR if the antennas are co-located, i.e., transmission based on cross polarization. 
[bookmark: _Ref39696904]Observation 3: Depending on the feedback in Proposal 6, the Quality of QZ MU for Mode 1 test cases could be considered zero.
[bookmark: _Ref31126768][bookmark: _Ref31126842]

[bookmark: _Ref39777997]Table 1: Uncertainty Contributions for Mode 1 Demodulation Test Cases
	Related to 8x2 Antenna Assumption
	Related to Equipment/ Component Datasheets
	UID
	Uncertainty source
	Proposal

	
	
	Signal-to-noise ratio uncertainty

	
	
	Stage 2: DUT measurement

	yes
	
	1
	Positioning misalignment
	Re-Use from REFSENS

	
	
	2
	Measure distance uncertainty
	Needs to be re-evaluated

	
	
	3
	Quality of Quiet Zone 
	

	
	yes
	4
	Mismatch
	Needs to be re-evaluated

	
	
	5
	Standing wave between the DUT and measurement antenna
	Needs to be re-evaluated

	
	yes
	6
	gNB emulator SNR uncertainty
	From datasheets

	
	
	7
	Phase curvature 
	Needs to be re-evaluated

	
	yes
	8
	Amplifier uncertainties
	Needs to be re-evaluated

	
	
	9
	Random uncertainty 
	Re-Use from REFSENS

	
	
	10
	Influence of the XPD
	Needs to be re-evaluated

	
	
	11
	Insertion Loss Variation
	Needs to be re-evaluated

	
	
	12
	[bookmark: _Hlk39686160]RF leakage (from measurement antenna to the receiver/transmitter)
	Needs to be re-evaluated

	
	yes
	13
	Multiple measurement antenna uncertainty
	Needs to be re-evaluated

	yes
	
	14
	DUT repositioning
	Re-Use from REFSENS

	
	
	Stage 1: Calibration measurement

	
	Combined with #4
	15
	Mismatch 
	Needs to be re-evaluated

	
	Combined with #8
	16
	Amplifier Uncertainties
	Needs to be re-evaluated

	yes
	yes
	17
	Misalignment of positioning System
	Re-Use from REFSENS

	
	yes
	18
	Uncertainty of the Network Analyzer
	Re-Use from REFSENS

	
	yes
	19
	Uncertainty of the absolute gain of the calibration antenna
	Needs to be re-evaluated

	yes
	
	20
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	Re-Use from REFSENS

	
	
	21
	Phase centre offset of calibration antenna
	Needs to be re-evaluated

	
	
	22
	Quality of quiet zone for calibration process 
	

	
	
	23
	Standing wave between reference calibration antenna and measurement antenna
	Needs to be re-evaluated

	
	yes
	24
	Influence of the calibration antenna feed cable
	Needs to be re-evaluated

	
	
	25
	Insertion Loss Variation
	Needs to be re-evaluated

	
	
	Systematic uncertainties

	
	
	26
	Impact on non-ideal isolation between branches for the wireless cable mode
	0.45dB (for Rank 1)
0.6dB (for Rank 2)


[bookmark: _Ref31347264]


[bookmark: _Ref39778014]Table 2: Uncertainty Contributions for Mode 2 Demodulation Test Cases
	Related to 8x2 Antenna Assumption
	Related to Equipment/ Component Datasheets
	UID
	Uncertainty source
	Proposal

	
	
	Stage 2: DUT measurement

	yes
	
	1
	Positioning misalignment
	Re-Use from REFSENS

	
	
	2
	Measure distance uncertainty
	Re-use from REFSENS

	
	
	3
	Quality of Quiet Zone
	Re-use from REFSENS

	
	yes
	4
	Mismatch
	Needs to be re-evaluated

	
	
	5
	Standing wave between the DUT and measurement antenna
	Re-use from REFSENS

	
	yes
	6
	gNB uncertainty on absolute level
	Needs to be re-evaluated

	
	
	7
	Phase curvature 
	Re-use from REFSENS

	
	yes
	8
	Amplifier uncertainties
	Needs to be re-evaluated

	
	
	9
	Random uncertainty 
	Re-use from REFSENS

	
	
	10
	Influence of the XPD
	Re-use from REFSENS

	
	
	11
	Insertion Loss Variation
	Needs to be re-evaluated

	
	
	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	Needs to be re-evaluated

	
	yes
	13
	Multiple measurement antenna uncertainty
	Re-use from REFSENS

	yes
	
	14
	DUT repositioning
	Re-Use from REFSENS

	
	
	Stage 1: Calibration measurement

	
	Combined with #4
	15
	Mismatch 
	Needs to be re-evaluated

	
	Combined with #8
	16
	Amplifier Uncertainties
	Needs to be re-evaluated

	yes
	yes
	17
	Misalignment of positioning System
	Re-Use from REFSENS

	
	yes
	18
	Uncertainty of the Network Analyzer
	Re-use from REFSENS

	
	yes
	19
	Uncertainty of the absolute gain of the calibration antenna
	Re-use from REFSENS

	yes
	
	20
	[bookmark: _Hlk39679415]Positioning and pointing misalignment between the reference antenna and the measurement antenna
	Re-Use from REFSENS

	
	
	21
	Phase centre offset of calibration antenna
	Re-use from REFSENS

	
	
	22
	Quality of quiet zone for calibration process
	Re-use from REFSENS

	
	
	23
	Standing wave between reference calibration antenna and measurement antenna
	Re-use from REFSENS

	
	yes
	24
	Influence of the calibration antenna feed cable
	Re-use from REFSENS

	
	
	25
	Insertion Loss Variation
	Re-use from REFSENS

	
	
	Systematic uncertainties

	yes
	
	26
	Systematic error related to beam peak search
	Feedback from OEMs

	
	
	27
	Impact on non-ideal isolation between branches for the wireless cable mode
	0.45dB (for Rank 1)
0.6dB (for Rank 2)





Conclusion
The following observations and proposals were made in this contribution
Observation 1: MU elements related to positioning and/or misalignments (Positioning misalignment, DUT repositioning, Misalignment of positioning system, Positioning and pointing misalignment between the reference antenna and the measurement antenna) for Mode 1 and Mode 2 test cases can be considered negligible if the REFSENS condition was verified without any re-positioning between the verification and the start of the demodulation test case.
[bookmark: _GoBack]Observation 2: MU element descriptions and uncertainties related to positioning and/or misalignments (Positioning misalignment, DUT repositioning, Misalignment of positioning system, Positioning and pointing misalignment between the reference antenna and the measurement antenna) for Mode 1 and Mode 2 test cases should be re-used from the REFSENS test case if the UE has been re-positioned between the REFSENS verification and the start of the demodulation test case.
Proposal 1: Regarding MU elements related to positioning and/or misalignments (Positioning misalignment, DUT repositioning, Misalignment of positioning system, Positioning and pointing misalignment between the reference antenna and the measurement antenna) for Mode 1 and Mode 2 test cases: re-use from the REFSENS test case.
Proposal 2: Feedback from the OEMs is requested: allow more time to further study the ‘Systematic error related to beam peak search’ for Mode 2 demodulation test cases or assume the worst case, i.e., re-use the ‘Systematic error related to beam peak search’ of 0.5dB from the REFSENS test case.
Proposal 3: Re-use the descriptions and uncertainty values of MU elements for Mode 2 test cases from REFSENS test case: Measure distance uncertainty, Standing wave between the DUT and measurement antenna, Phase curvature, Random uncertainty, Influence of the XPD, Multiple measurement antenna uncertainty, Uncertainty of the Network Analyzer, Uncertainty of the absolute gain of the calibration antenna, Standing wave between reference calibration antenna and measurement antenna, Influence of the calibration antenna feed cable, RF leakage (from measurement antenna to the receiver/transmitter)
Proposal 4: Re-evaluate the uncertainty values of MU elements for Mode 2 test cases: Mismatch, gNB uncertainty on absolute level, Amplifier uncertainties, Insertion Loss Variation, and RF leakage (from measurement antenna to the receiver/transmitter)
Proposal 5: Further evaluate the descriptions and uncertainty values of the following MU elements for Mode 1 test cases: Measure distance uncertainty, Mismatch, Standing wave between the DUT and measurement antenna, Phase curvature, Amplifier uncertainties, Influence of the XPD, Insertion Loss Variation, RF leakage (from measurement antenna to the receiver/transmitter), Multiple measurement antenna uncertainty, Uncertainty of the absolute gain of the calibration antenna, Phase centre offset of calibration antenna, Standing wave between reference calibration antenna and measurement antenna, Influence of the calibration antenna feed cable, Insertion Loss Variation, Positioning misalignment, DUT repositioning, Misalignment of positioning system, Positioning and pointing misalignment between the reference antenna and the measurement antenna
Proposal 6: OEMs and chipset vendors to confirm that demodulation testing only assumes cross-polarized transmission and no spatial MIMO.
Observation 3: Depending on the feedback in Proposal 6, the Quality of QZ MU for Mode 1 test cases could be considered zero.
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