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1 Background

This contribution is an update of [8].
The measurement uncertainty (MU) and its relation to the test tolerance(TT) for the conformance testing is under discussion in RAN5. Much of the debate is related to the EIRP and EIS uncertainty for UE RF output power and sensitivity tests, but the discussion is also relevant for the RRM testing. The MUs proposed for power measurements are in the range 5.5-7 dB for all OTA measurement methods. Use of TT = MU can imply that verification of absolute accuracy become meaningless for some test cases. 
Example: the EIRP measurement uncertainty for the Direct far field (DFF) setup is [1]
Table B.1.1.3-1: Uncertainty assessment for EIRP and TRP measurement (D = 5 cm)
	UID
	Uncertainty source
	Uncertainty value


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



	Stage 2: DUT measurement

	1
	Positioning misalignment
	0.50
	Rectangular
	1.73
	[0.29]

	[…]
	
	
	
	
	

	EIRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.20]

	TRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[5.37]

	NOTE 1:
The impact of phase variation on EIRP is FFS.
NOTE 2:
The quality of quiet zone is different for EIRP and TRP. For TRP, the standard uncertainty is [1dB]; for EIRP, the standard uncertainty of quiet zone is [1.5dB].
NOTE 3: 
The analysis was done only for the case of operating at max output power, in-band, non-CA.
NOTE 4:
The assessment assumes maximum DUT output power.


whereas the EIS uncertainty for the DFF is [1]
Table B.1.1.3-2: Uncertainty assessment for EIS measurement (D = 5 cm)
	UID
	Uncertainty source
	Uncertainty value


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



	Stage 2: DUT measurement

	1
	Pointing misalignment 
	0.50
	Rectangular
	1.73
	[0.29]

	[…]
	
	
	
	
	

	EIS Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.66]

	NOTE 1:
The impact of phase variation on EIS is FFS.
NOTE 2:
The analysis was done only for the case of operating at max output power, in-band, non-CA.


The MUs for the other methods, the IFF (indirect far-field) and the NFTF (near-field transformation), are of the same order of magnitude, 5.5-6.5 dB. This should be compared to the 0.7-1.5 dB, or thereabouts, applicable for conducted verification in FR1.
In this paper we discuss the possibility of improving the MU as well as using a TT < MU for a more relevant verification of the absolute requirements for FR2. A TT less than the MU would imply shared risk and an increased burden on the DUT. However, shared risk have already been agreed to be used in RAN5 for FR1 [7] in RF test cases, and it is likely that the same approach will follow for FR2.
2 RRM and CSI metrics 
The following metrics for RRM test cases are listed in [1]:
Up to a point, the increased UE transmit power (“negative” MPR) enabled by shaping compensates for the sensitivity 
Test parameters for RRM testing to be controlled:
-
SNR of DL signal at reference point.

-
DL power level at reference point (e.g. EPRE) (from AoA).
-
Relative DL power level of 2 signals at reference point


-
From intra-frequency or inter-frequency cells


-
From the same AoA or different AoAs

-
Relative DL timing of 2 signals at reference point

-
Faded DL channel for each signal

-
AoA for signals arriving at reference point
Metrics for RRM testing:
-
UL PRACH level transmitted by the UE 
-
Relative UL PRACH level transmitted by the UE
-
Timing of UE UL transmission relative to DL signal
-
Relative timing change of UE UL transmission relative to DL signal
-
Timing measurement of UL events caused by events on the DL
For PRACH the absolute tolerance requirements specified in 38.101-2 are also stated in the 38.133 (clause 6.2.2 [3]). The tentative requirements in 38.101-2 (also applicable for PRACH) are ±12 dB or ±14 dB depending on the UE output power levels [3]. Adding a TT = 6 dB for conformance verification of an already relaxed core requirement would imply a tolerance range exceeding ±18 dB, which is essentially the same as the dynamic range of a PC3 DUT (its max power around 22 dBm and minimum output power of -13 dBm in the beam peak). Hence not a meaningful test unless the core requirement and the TT can be improved.
For verification of the RSRP absolute accuracy, the MU for DL measurements may be relevant even though the accuracy is subject to a Es/Iot condition (at least the emulated Noc is subject to an absolute accuracy). Another challenge is that the plane of reference of the RSRP measurement (reporting) is after antenna combining, which is implementation specific.   
For the CSI tests the SNR level is relevant. This is a relative metric set by the channel emulator. The relative uncertainly is significantly lower than the absolute also for low received power levels (the relative of the order of 0.5-1 dB).
3 UE RF characteristics

The test limits for many UE RF requirements would be significantly relaxed as compared  to the core requirements should a large TT of the order of 5-6 dB be used. Arguably, many of the core requirements are already relaxed. For e.g. the maximum output power requirement for power class 3, reproduced in Table 1 below,
Table 1: UE minimum peak EIRP for power class 3

	Operating band
	Min peak EIRP (dBm)

	n257
	22.4

	n258
	22.4

	n260
	20.6

	n261
	22.4

	NOTE 1:
Minimum peak EIRP is defined as the lower limit without tolerance


the test limit for n257 would be 16.4 dBm with TT = 6 dB. Modulation-dependent power back-off as allowed by MPR would reduce this limit even further.
4 Discussion

The MU can perhaps be improved? Then it may be more relevant to use TT = MU. For the BS, an improved MU for BS of 1.67 dB (at 1.96) for EIRP verification is proposed in [4]-[5] for which case it is relevant to use TT = MU.
Given the current MU proposals, the TT tolerance should be less than the MU for meaningful conformance requirements on absolute accuracy. This would imply shared risk and an increased burden on the DUT. It is also consistent with Proposal 2.2.2 in [6] (0 < TT < MU for Type 1 test cases) endorsed by RAN5. Test tolerances exceeding 6 dB as implied by the current proposed MU are not acceptable for conformance tests.

Even if shared risk will be used for FR2 RF and RRM, it is still beneficial to minimize the MU. If there is a large discrepancy between the TT and MU, the test verdict will become less stable and less repeatable. For example, if the MU is random (varies between test runs using the same equipment), re-running test multiple times will give different verdict. This will then go against the purpose of making tests more relevant if vendors use the results with a favourable verdict.
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