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Introduction
This contribution is addressing aspects discussed in the Way Forward on FR Demod MU from the last meeting.
Discussion
The WF from the last meeting [1] requested input on FR2 Demod MU and the test setups
	· Companies to target providing contributions in RAN5-84 (Aug 2019) listing various MU elements that would impact the overall MU of the test setup for FR2 Demodulation testing.
· The MU factors defined in TS 36.521-1, TR 37.977, and CTIA MIMO OTA Test Plan as well as those defined for EIS procedure using IFF test setup could be used as a starting point.
· Companies to target providing contributions in RAN5-84 (Aug 2019) on the test setup to use for testing FR2 Demodulation test cases defined in 38.521-4



While this contribution focuses on the MU portion, it should be pointed out that RAN4 [2] has defined the following permitted methods for demodulation testing:
· Indirect Near-Field (IFF)
· Direct Far Field (DFF) & Simplified DFF
· Direct Near-Field (DNF)
From an MU, test procedure, and test setup perspective, the differentiation of Simplified DFF and DFF is not necessary for demodulation testing. It is therefore proposed to only consider DFF going forward with the assumption that the simplified DFF and DFF methodologies are equivalent. Given the many unknowns and uncertainties listed in [2] with respect to the DNF methodology, it is proposed not to consider DNF as a baseline for demodulation MU derivations. Even though IFF is the de-facto UE RF industry standard test methodology and in fact considered the “reference methodology” from an MU perspective for most UE RF test cases [3], the more cost-effective DFF methodology should be considered a baseline for FR2 demodulation system at this point. Is therefore proposed to consider both IFF and DFF as the baseline for demodulation MU derivations. 
[bookmark: _Ref16873911]Proposal 1: Consider IFF and DFF as the baseline for demodulation MU derivations.
As discussed in [4], the essential system parameter of range length for an FR2 DFF system has not been defined yet in [2].
[bookmark: _Ref16873889]Observation 1: The range length of an FR2 DFF system has not been defined anywhere yet



Demodulation test cases require a virtually cabled scenario or wireless cable mode that will ensure that the radiated tests with DL MIMO rank 2 corresponds to a conducted test at the antenna ports. Unfortunately, very few details about this mode have captured so far in technical specifications. Some important aspects to achieve and verify this wireless cable mode are addressed in [5][6].
[bookmark: _Ref16873894]Observation 2: Very few details about the wireless cable mode have been captured so far
The wireless cable mode has many similarities to the Radiated Two-Stage methodology for LTE MIMO OTA [7] where the following MU elements related to the wireless cable mode/isolation have been captured:
	[image: ]


Since the ATF pattern, used for RTS to convolve with the channel model, is not used for the wireless cable mode, this MU element should not be applicable to the FR2 demod MU budget. However, the limited/non-ideal isolation between branches is certainly an MU element that needs to be considered for the FR2 demod MU budget. 
[bookmark: _Ref16873917]Proposal 2: Introduce an MU element labelled 'Impact on non-ideal isolation between branches for the wireless cable mode'
The following table, Table 1, contains the MU elements for the EIS measurement from [3]. The last column contains comments whether the MU elements are applicable to the FR2 demod MU budget. If MU elements listed in Table 1 are similar to those listed in the CTIA MIMO OTA test plan [8] which is testing the MIMO OTA performance of LTE device using an SNR based test environment, a note has been added accordingly with the assumption that this MU element is likely needed for the FR2 demod MU budget as well. 
Use MU elements highlighted in yellow in Table 1 as baseline for the FR2 demod MU. 
[bookmark: _Ref16873923]Proposal 3: Use MU elements highlighted in yellow in Table 1 as baseline for the FR2 demod MU 
While there are a few elements in common between the EIS measurement and the FR2 demod measurements in Table 1, the detailed descriptions, theoretical and experimental derivations, and validation procedures might be different than for UE RF [3].
[bookmark: _Ref16873899]Observation 3: the detailed descriptions, theoretical and experimental derivations, and validation procedures might be different for FR2 demod MU elements in Table 1 than for FR2 UE RF
It is furthermore recommended to add the following MU element:
· Test System Frequency Flatness Uncertainty which could replace some of the existing MU elements
[bookmark: _Ref16873928]Proposal 4: Introduce an MU element labelled Test System Frequency Flatness Uncertainty'

[bookmark: _Ref16869466]Table 1: Uncertainty contributions for EIS measurement
	UID
	Description of uncertainty contribution
	Applicable to FR2 Demod MU

	Stage 2: DUT measurement

	1
	Positioning misalignment
	Yes

	2
	Measure distance uncertainty
	Yes (for DFF)

	3
	Quality of Quiet Zone
	Likely very limited applicability at the moment; included in CTIA but different antenna assumptions; might be required for future releases

	4
	Mismatch
	Yes (defined in CTIA)

	5
	Standing wave between the DUT and measurement antenna
	Yes (defined in CTIA)

	6
	gNB emulator uncertainty
	No (38.810 defined ‘gNB emulator SNR uncertainty’ instead

	7
	Phase curvature
	Yes (likely more for DFF than IFF)

	8
	Amplifier uncertainties
	Yes (depends on system architecture and how noise is added, e.g., baseband vs external) 

	9
	Random uncertainty
	Yes

	10
	Influence of the XPD
	Likely

	11
	Insertion Loss Variation
	Yes (depends on system architecture and how noise is added, e.g., baseband vs external) 

	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	Likely

	13
	Multiple measurement antenna uncertainty
	No

	14
	DUT repositioning
	Yes

	15
	Influence of spherical coverage grid
	No

	Stage 1: Calibration measurement

	16
	Mismatch
	Yes (depends on system architecture and how noise is added, e.g., baseband vs external) 

	17
	Amplifier Uncertainties
	Yes (depends on system architecture and how noise is added, e.g., baseband vs external)

	18
	Misalignment of positioning System
	Yes

	19
	Uncertainty of the Network Analyzer
	Include in ‘Test System Frequency Flatness Uncertainty’

	20
	Uncertainty of the absolute gain of the calibration antenna
	Include in ‘Test System Frequency Flatness Uncertainty’

	21
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	Include in ‘Test System Frequency Flatness Uncertainty’

	22
	Phase centre offset of calibration antenna
	Yes (defined in CTIA)

	23
	Quality of quiet zone for calibration process
	Likely very limited applicability at the moment; included in CTIA but different antenna assumptions; might be required for future releases

	24
	Standing wave between reference calibration antenna and measurement antenna
	Yes (defined in CTIA)

	25
	Influence of the calibration antenna feed cable
	Yes (defined in CTIA)

	26
	Insertion Loss Variation
	Include in ‘Test System Frequency Flatness Uncertainty’

	Systematic uncertainties

	27
	Systematic error related to beam peak search
	No

	28
	Systematic error related to EIS spherical coverage
	No



Conclusion
The following observations and proposals were made in this contribution
Proposal 1: Consider IFF and DFF as the baseline for demodulation MU derivations.
Observation 1: The range length of an FR2 DFF system has not been defined anywhere yet
[bookmark: _GoBack]Observation 2: Very few details about the wireless cable mode have been captured so far
Proposal 2: Introduce an MU element labelled 'Impact on non-ideal isolation between branches for the wireless cable mode'
Proposal 3: Use MU elements highlighted in yellow in Table 1 as baseline for the FR2 demod MU 
Observation 3: the detailed descriptions, theoretical and experimental derivations, and validation procedures might be different for FR2 demod MU elements in Table 1 than for FR2 UE RF
Proposal 4: Introduce an MU element labelled Test System Frequency Flatness Uncertainty'
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