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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]At RAN5 #83, a way forward on FR2 Demod MU has been agreed [1] in which one target is to provide a list of contributors affecting the measurement uncertainty (MU) of FR2 demod test cases. In this paper, we discuss MU contributors based on the factors defined in TS 36.521-1 [2], TR 37.977 [3] and CTIA MIMO OTA Test Plan [4] in order to complement those of the EIS test case in TR 38.903 [5]. 
Discussion
 MU contributors for FR2 Demod test cases
For LTE, the MU for conducted performance test cases and reporting of Channel State Information test cases are defined in Annex F.1.4 and F.1.5 of TS 36.521-1 [2], respectively. Depending on the test case details, a sub set of the following contributors are considered:
· Signal-to-noise ratio uncertainty
· Average Signal-to-noise ratio uncertainty
· Signal-to noise ratio variation for single PRB
· Fading profile power uncertainty (for single Tx, for Tx Diversity, for MIMO etc.)
· Effect of AWGN flatness and signal flatness
· Result variation due to finite test time

In addition the following test system uncertainties and related constraints apply:

Table 1: Excerpt from Table F.1.4-1 of TS 36.521-1 (Maximum Test System Uncertainty for Performance Requirements)
	AWGN Bandwidth
	≥ 1.08MHz, 2.7MHz, 4.5MHz, 9MHz, 13.5MHz, 18MHz;
NRB x 180kHz according to BWConfig

	AWGN absolute power uncertainty, averaged over BWConfig Note 4
	±3 dB

	AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWConfig
	±2 dB

	AWGN peak to average ratio 
	≥10 dB @0.001%

	Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	±0.3 dB (includes uncertainty in precoding applied by the test system, where applicable)

	Signal-to noise ratio variation for any resource block, relative to average over downlink transmission Bandwidth
	±0.5 dB

	Fading profile power uncertainty
	Test-specific

	Fading profile delay uncertainty, relative to frame timing
	±5 ns (excludes absolute errors related to baseband timing)

	Note 1:	Only the overall stimulus error is considered here. The effect of errors in the throughput measurements due to finite test duration is not considered.
Note 2:	The AWGN or N ocx parameters apply to all test cases except 8.7.1 and 8.7.2. The fading parameters apply to test cases using fading
Note 3:	In CA, DC and LAA test cases using multiple component carriers (CCs), the uncertainties and related constraints apply for each CC.
Note 4:	Applies for test cases which specify Noc, a single value that remains constant with time.



Similar for CSI reporting TCs the In addition, the following Test System uncertainties and related constraints apply:
Table 2: Excerpt from Table F.1.5-1 of TS 36.521-1 (Maximum Test System Uncertainty for Channel State Information reporting)
	AWGN Bandwidth
	≥ 1.08MHz, 2.7MHz, 4.5MHz, 9MHz, 13.5MHz, 18MHz;
NRB x 180kHz according to BWConfig

	AWGN absolute power uncertainty, averaged over BWConfig Note 4
	±3 dB

	AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWConfig
	±2 dB

	AWGN peak to average ratio 
	≥10 dB @0.001%

	Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	±0.3 dB (includes uncertainty in precoding applied by the test system, where applicable)

	Signal-to noise ratio variation for any resource block, relative to average over downlink transmission Bandwidth
	±0.5 dB

	Fading profile power uncertainty
	Test-specific

	Fading profile delay uncertainty, relative to frame timing
	±5 ns (excludes absolute errors related to baseband timing)

	Note 1:	Only the overall stimulus error is considered. The effect of errors in the throughput measurements due to finite test duration is not considered.
Note 2:	The AWGN parameters apply to all test cases except 9.3.3.1.1 and 9.3.3.1.2. The fading parameters apply to test cases using fading
Note 3:	Downlink channel matrix uncertainties apply to eDL-MIMO CSI test cases
Note 4:	Applies for test cases which specify Noc, a single value that remains constant with time.



Observation 1: The uncertainties listed in Table 1 and 2 have to be considered for FR2 in a similar way as for LTE. In addition uncertainties related to the radiated testing have to be considered.
Proposal 1: Separate the MU tables for FR2 demod into test case specific tables and general tables applicable to a set of test cases, e.g., one for AWGN absolute power.
RAN4 provided an initial assessment of the FR2 demod MU in TR 38.810:
Figure 1: Excerpt from TR 38.810
Table B.3.3.2-1: Uncertainty contributions for T-put test with defined SNR at reference point
	UID
	Description of uncertainty contribution
	Details in annex

	During T-put measurement

	1
	gNB emulator SNR uncertainty
	B.3.3.4.1

	2
	gNB emulator DL EVM
	B.3.3.4.2

	3
	gNB emulator fading model impairments
	B.3.3.4.3

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined



Table B.3.3.3-1: Uncertainty assessment for T-put test with defined SNR at reference point
	UID
	Uncertainty source
	Uncertainty value

	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]


	During T-put measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator fading model impairments Note 3
	[0.5dB]
	Normal
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined
Note 3:	The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment



The tables in Figure 1 can be used as a basis for the per test case tables but need to be complemented by MU contributors such as the effect of AWGN flatness and signal flatness and result variation due to finite test time, etc. when applicable.
The MU table for the AWGN absolute power uncertainty can be based on the contributors of the reference sensitivity MU, i.e., Table B.19.2-1 of TR 38.903 except UID 28 as shown in Table 3.


[bookmark: _Ref16078040]Table 3: Uncertainty contributions for EIS measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment
	B.2.2.1

	2
	Measure distance uncertainty
	B.2.2.2

	3
	Quality of Quiet Zone
	B.2.2.3

	4
	Mismatch
	B.2.2.4

	5
	Standing wave between the DUT and measurement antenna
	B.2.2.5

	6
	gNB emulator uncertainty
	B.2.2.17

	7
	Phase curvature
	B.2.2.7

	8
	Amplifier uncertainties
	B.2.2.8

	9
	Random uncertainty
	B.2.2.9

	10
	Influence of the XPD
	B.2.2.10

	11
	Insertion Loss Variation
	B.2.2.11

	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	B.2.2.12

	13
	Multiple measurement antenna uncertainty
	B.2.2.25

	14
	DUT repositioning
	B.2.2.26

	15
	Influence of spherical coverage grid
	B.2.2.29

	Stage 1: Calibration measurement

	16
	Mismatch
	B.2.2.4

	17
	Amplifier Uncertainties
	B.2.2.8

	18
	Misalignment of positioning System
	B.2.2.13

	19
	Uncertainty of the Network Analyzer
	B.2.2.14

	20
	Uncertainty of the absolute gain of the calibration antenna
	B.2.2.15

	21
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	B.2.2.16

	22
	Phase centre offset of calibration antenna
	B.2.2.18

	23
	Quality of quiet zone for calibration process
	B.2.2.19

	24
	Standing wave between reference calibration antenna and measurement antenna
	B.2.2.20

	25
	Influence of the calibration antenna feed cable
	B.2.2.21

	26
	Insertion Loss Variation
	B.2.2.11

	Systematic uncertainties

	27
	Systematic error related to beam peak search
	B.2.2.28

	28
	Systematic error related to EIS spherical coverage
	B.2.2.30



Different system implementations of the AWGN generation are possible: One implementation is to generate both the signal and the AWGN in the base band. Another possible implementation is the separate generation of AWGN and its addition in the RF path. Depending on the AWGN implementation different MU contributors from Table 3 have to be accounted for also in the SNR MU table. For the signal and AWGN generation in the base band most of the MU contributors in Table 3 cancel out and do need to be considered in the SNR MU. 
In the following we consider MU contributors from the CTIA test plan which have not been explicitly mentioned above:
· Test System Frequency Flatness Uncertainty  included in device uncertainties in Table 3
· Uncertainties related to channel emulator (depends whether an RF fader is applied or not): Rx Stability, Signal Source Linearity, Signal Source Stability
· Uncertainties of AWGN source: Absolute Power Reference or Linearity and relative error (contribution type depends on whether AWGN source is a separate generator or part of existing test equipment)

Proposal 2: Introduce a table for the AWGN absolute power uncertainty.

Based on our review of TR 37.977 we make the following observations:

Observation 2: TR 37.977 contains verification procedures in order to ensure that the channel models are implemented correctly.

Proposal 3: RAN5 to discuss the introduction of verification methods for channel model implementations into the test specification. 

Observation 3: TR 37.977 contains additional MU contributors which should be considered for FR2 Demod: 
· Impact of non-ideal isolation between streams
· Impact of ATF pattern error on TP

Proposal 4: Consider the discussed MU contributors when deriving the MU of FR2 demod test cases. 
Test System Assumption
[bookmark: _GoBack]Regarding the test system, our assumption is that an IFF system with the same or very similar properties as already discussed for RF is reused. 
Proposal 5: Base the MU derivation on an IFF system with same/similar properties as assumed for the RF MUs. 


	Conclusion
In summary, the MU contributors for FR2 demod test cases has been reviewed.
Observation 1: The uncertainties listed in Table 1 and 2 have to be considered for FR2 in a similar way as for LTE. In addition uncertainties related to the radiated testing have to be considered.
Proposal 1: Separate the MU tables for FR2 demod into test case specific tables and general tables applicable to a set of test cases, e.g., one for AWGN absolute power.
Proposal 2: Introduce a table for the AWGN absolute power uncertainty.

Observation 2: TR 37.977 contains verification procedures in order to ensure that the channel models are implemented correctly.

Proposal 3: RAN5 to discuss the introduction of verification methods for channel model implementations into the test specification. 

Observation 3: TR 37.977 contains additional MU contributors which should be considered for FR2 Demod: 
· Impact of non-ideal isolation between streams
· Impact of ATF pattern error on TP

Proposal 4: Consider the discussed MU contributors when deriving the MU of FR2 demod test cases. 
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 5: Base the MU derivation on an IFF system with same/similar properties as assumed for the RF MUs. 
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