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Introduction
In [1], a general guideline for RRM MU definition was discussed. This contribution will analyse the RRM Measurement Accuracy test cases for FR2 and propose the first MU elements and values.
Discussion
This contribution covers (at least) the following RRM test cases:
· 5.7.1.1 EN-DC FR2 SS-RSRP measurement accuracy
· 5.7.1.2 EN-DC FR2-FR2 SS-RSRP measurement accuracy
· 5.7.2.1 EN-DC FR2 SS-RSRQ measurement accuracy
· 5.7.2.2 EN-DC FR2-FR2 SS-RSRQ measurement accuracy
· 5.7.3.1 EN-DC FR2 SS-SINR measurement accuracy
· 5.7.3.2 EN-DC FR2-FR2 SS-SINR measurement accuracy
· 7.7.1.1 NR SA FR2 SS-RSRP measurement accuracy
· 7.7.1.2 NR SA FR2-FR2 SS-RSRP measurement accuracy
· 7.7.2.1 NR SA FR2 SS-RSRQ measurement accuracy
· 7.7.2.2 NR SA FR2-FR2 SS-RSRQ measurement accuracy
· 7.7.3.1 NR SA FR2 SS-SINR measurement accuracy
· 7.7.3.2 NR SA FR2-FR2 SS-SINR measurement accuracy
Whether this contribution can also cover L1-RSRP accuracy test cases is FFS.
All the test cases in the list above contain 2 FR2 cells. The NSA tests contain in addition a LTE link, which can be ignored for the MU analysis. Apart from the LTE link, the NSA tests are identical to the equivalent SA test.
Observation 1: the analysis will be done only for the SA tests. The NSA tests have no significant differences.
Please notice that the measurement accuracy tests were significantly changed during RAN4 #92bis in [2] and [3].
There are intra-frequency tests and inter-frequency tests. Nonetheless, as stated in [1], the multiple cells shall be added using the superposition principle during the TT analysis. Thus, this does not need to be covered here.
The tests use different AoA configurations. Some of the tests use Setup 1 (beam peak), while some other tests use 2AoA approaches. The MU values for each case may vary.
Observation 2: The analysis needs to differentiate between beam peak tests and 2AoA tests.
There are other features common for all measurement accuracy tests: 
· All the tests use AWGN
· All the tests have two subtests. In one of them, the SSB_RP is relatively high, while in the other it is close to the min SSB_RP limit for Rx beam peak for each band and UE power class.
· All tests measure both absolute and relative accuracy
Observation 3: The analysis needs to differentiate between the subtest with “high” power and the subtest with low power, since the latter is close to the noise floor and may have larger MU values.
Furthermore, RRM MU will be used as baseline for the TT analysis for RRM test cases. The TT analysis makes use of the uncertainty values for multiple quantities, depending on the test case. Based on LTE and FR1 experience, the following parameters are meaningful:
A) AWGN power level uncertainty (Absolute level uncertainty, in general)
B) SNR uncertainty
C) Fading related uncertainties (applicable if fading apply. )
D) Timing related uncertainty
E) UL Power measurement uncertainty (For random access test cases)
Thus, the definition of a unique MTSU for RRM test cases may not be meaningful. Instead, the MTSU should be defined separately for each of the parameters from the list above (if they are applicable for the test in particular).
Observation 4: a unique MTSU for RRM is not meaningful. A MTSU needs to be defined for each of the parameters A to E above.
The test objective for measurement accuracy tests is to check that the DUT is able to correctly measure the signal power simulated at the centre of the Quiet Zone. Thus, DL accuracy is important for the test. The UL is only used to perform the necessary configurations and convey the measurements. Thus, the UL signal accuracy is not critical. Based on this, the Reference Sensitivity MU analysis performed for RF seems a good initial point for the RRM measurement accuracy tests. 
Proposal 1: Use the RF reference sensitivity MU assessment as basis for the RRM measurement accuracy tests
Proposal 1a: RRM measurement accuracy tests need to consider AWGN power level uncertainty and SNR uncertainty.
As the RRM test cases also have AWGN, an additional contributor the gNB emulator SNR uncertainty, needs to be added. As RRM does not use the EIS spherical metric, the spherical terms can be removed. The proposed list of measurement uncertainty contributors for IFF is shown in Table 1. 
Table 1: Uncertainty contributions for RRM measurement accuracy tests
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement for AWGN absolute level uncertainty

	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

	Stage 2: DUT measurement for SNR uncertainty

	15
	gNB emulator SNR uncertainty
	D.2.3.1

	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



Proposal 2: Use the uncertainty contributions in Table 1 for RRM measurement accuracy tests
Following proposal in [1] to define the RRM MU for 1AoA tests based on RF IFF, some of the values and conclusions reached for RF can be applied also for RRM 1AoA case.
Proposal 3: Use the MU values captured in Table 2 for RRM measurement accuracy tests.
Table 2: Uncertainty assessment for RRM measurement accuracy tests (f=23.45GHz, 32.125GHz, 40.8GHz, Quiet Zone size ≤ 30 cm)
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]

	Stage 2: DUT measurement for AWGN absolute level uncertainty

	1
	Positioning misalignment
	FFS
	Normal
	2.00
	FFS

	2
	Measure distance uncertainty
	0.00
	Rectangular
	1.73
	0.00

	3
	Quality of Quiet Zone (NOTE 4)
	[0.6]
	Actual
	1.00
	[0.6]

	4
	Mismatch
	[1.30]
	Actual
	1.00
	[1.30]

	5
	Standing wave between the DUT and measurement antenna
	[0.00]
	U-shaped
	1.41
	[0.00]

	6
	gNB uncertainty on absolute level
	FFS
	Normal
	2.00
	FFS

	7
	Phase curvature 
	0.00
	U-shaped
	1.41
	0.00

	8
	Amplifier uncertainties
	FFS
	Normal
	2.00
	FFS

	9
	Random uncertainty 
	[0.50]
	Normal
	2.00
	[0.25]

	10
	Influence of the XPD
	[0.01]
	U-shaped
	1.41
	[0.00]

	11
	Insertion Loss Variation
	[0.00]
	Rectangular
	1.73
	[0.00]

	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	[0.00]
	Actual
	1.00
	[0.00]

	13
	Multiple measurement antenna uncertainty (NOTE 3)
	FFS
	Actual
	1.00
	FFS

	14
	DUT repositioning
	FFS
	Rectangular
	1.73
	FFS

	Stage 2: DUT measurement for SNR uncertainty

	15
	gNB emulator SNR uncertainty
	FFS
	Normal
	FFS
	FFS

	Stage 1: Calibration measurement

	16
	Mismatch 
	0.00
	U-shaped
	1.41
	0.00

	17
	Amplifier Uncertainties
	0.00
	Normal
	2.00
	0.00

	18
	Misalignment of positioning System
	0.00
	Normal
	2.00
	0.00

	19
	Uncertainty of the Network Analyzer
	0.73
	Normal
	2.00
	0.37

	20
	Uncertainty of the absolute gain of the calibration antenna
	0.60
	Normal
	2.00
	0.30

	21
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	0.01
	Rectangular
	1.73
	0.00

	22
	Phase centre offset of calibration antenna
	0.00
	Rectangular
	1.73
	0.00

	23
	Quality of quiet zone for calibration process (NOTE 4)
	0.4
	Actual
	1.00
	0.4

	24
	Standing wave between reference calibration antenna and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	25
	Influence of the calibration antenna feed cable
	0.14
	Normal
	2.00
	0.07

	26
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	
	Systematic uncertainties (NOTE 2)
	Value

	27
	Systematic error related to beam peak search
	[0.5]

	Total measurement uncertainty
	Value

	EIS Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB] for AWGN absolute level
	FFS

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

	NOTE 1:	The analysis was done only for the case of operating at max output power, in-band, non-CA.
NOTE 2:	In order to obtain the total measurement uncertainty, systematic uncertainties have to be added to the expanded root sum square of the standard deviations of the Stage 1 and Stage 2 contributors.
NOTE 3: 	Applies to the system, which has a structure of mechanical feed antenna positioning.
NOTE 4: 	Value based on procedure defined in Annex D.2 of TR 38.810 for Quiet Zone size less or equal to 30 cm.



The reasoning behind the values re-used (or not) in Table 2 is:
· Measure distance uncertainty and phase curvature for IFF are 0
· The systematic error related to beam peak search is 0.5, since the beam peak search procedure from RF is re-used.
· All the values related to calibration measurement have been maintained, since the calibration procedure is likely to be the same.
· The QZ quality, mismatch, standing wave between the DUT and measurement antenna, RF leakage, influence of the XPD and random uncertainty values are maintained, since the TE is the same for 1AoA tests.
· gNB uncertainty on absolute level and amplifier uncertainties need to be analysed since RRM measurement accuracy tests can go very close to the noise floor.
· The positioning misalignment needs to be evaluated, since it may have different impact depending on whether the test is at beam peak, or at any direction corresponding to the EIS spherical coverage percentile of the DUT.
· Whether RRM measurement accuracy tests would need the DUT repositioning and the multiple measurement antenna components is FFS.
Conclusion
Observation 1: the analysis will be done only for the SA tests. The NSA tests have no significant differences.
Observation 2: The analysis needs to differentiate between beam peak tests and 2AoA tests.
Observation 3: The analysis needs to differentiate between the subtest with “high” power and the subtest with low power, since the latter is close to the noise floor and may have larger MU values.
Observation 4: a unique MTSU for RRM is not meaningful. A MTSU needs to be defined for each of the parameters A to E above.
Proposal 1: Use the RF reference sensitivity MU assessment as basis for the RRM measurement accuracy tests
Proposal 1a: RRM measurement accuracy tests need to consider AWGN power level uncertainty and SNR uncertainty.
Proposal 2: Use the uncertainty contributions in Table 1 for RRM measurement accuracy tests
Proposal 3: Use the MU values captured in Table 2 for RRM measurement accuracy tests.
The changes will be implemented in R5-198027 [4].
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