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1.	Introduction
At RAN4 #101-e, the group discussed on an issue with the unstable measurement result of the BS unwanted emission TCs caused by the automatically selected short sweeping time setting by a spectrum analyzer [1][2]. 
In this contribution we discuss suitable test conditions for these test cases. 

2.	Discussion
2.1 Options on the analysis of appropriate sweep time setting
 Candidate options in the WF [3] are extracted below for reference.
	· Companies are invited to analyze the appropriate time to get a stable test results for unwanted emissions. E.g. The following options should be consdiered as starting point, 
· Option 1: The sweep time for a sample is an OFDM symbol
· Option 2: The Sweep time for a sample is [X]% of an OFDM symbol
· Option 3: the sweep time for a sample is a fix value of [TBD] irrespective of the OFDM length
· Option 4: Keep current text in BS conformance test specification
· Option 5: Other method is not precluded
· TE vendors are invited to analyze the impact on test equipment and test methdology.



2.2 Consideration on the mean time per trace point
 First we consider the mean time of spectrum analyzer to obtain trace points from the relationship between the resolution bandwidth (RBW) setting for the spectrum analyzer, an expected variance of a mean power of the measured unwanted emission, and the test system uncertainty to be fulfilled. Considering a relationship between the unwanted emission and the OFDM symbols, we assumed that the unwanted emission is distributed like gaussian noises. Then a theoretical variance of the measured emission value per trace point vmean [dB] can be derived by the following equation 2.2-1 [4].

where BW denotes the resolution bandwidth of the spectrum analyzer, t is the mean time to obtain one trace point, and s is the standard deviation coefficient. The estimation of vmean can be seen in Annex A at the end of this paper. 
 Now if we take the spurious emission TC as an example, a necessary sweep time based on a target measurement uncertainty can be derived as follows. Here we set the assumption of measurement span as 1 GHz, measurement bandwidth (RBW) as 1 MHz, and set the target measurement uncertainty as 1s from the maximum test system uncertainty, cited from Table 4.1.2.2-1 in TS 38.141-1 [5].    
	6.6.5.5.1.1 Transmitter spurious emissions, Mandatory Requirements
	9 kHz < f ≤ 4 GHz: ±2.0 dB
4 GHz < f ≤ 19 GHz: ±4.0 dB
19 GHz < f ≤ 26 GHz: ±4.5 dB


Example of target measurement uncertainty for spurious emission measurement (1s)
9 kHz < f ≤ 4 GHz: ±1.0 dB 
4 GHz < f ≤ 19 GHz: ±2.0 dB
19 GHz < f ≤ 26 GHz: ±2.25 dB
Then the necessary mean time per trace point can be roughly derived from the table in Annex A in this paper.   
9 kHz < f ≤ 4 GHz: 20 ms
4 GHz < f ≤ 19 GHz: 3 ms
19 GHz < f ≤ 26 GHz: 2 ms
Therefore the sweep time can be calculated as follows.
1 GHz (span) / 1 MHz (RBW) * 20 ms = 20 ms
1 GHz (span) / 1 MHz (RBW) * 3 ms = 3 ms
1 GHz (span) / 1 MHz (RBW) * 2 ms = 2 ms
 If we compare the numbers above with the ones in the previous contribution [2], there is a possibility that the sweep time may become 10 times longer depending on the range to measure, also depending on the measurement uncertainty to fulfil.
	For auto mode, if 1 GHz frequency span and 1MHz RBW are setting, the default sweep time[1] equals k*span/(RBW*RBW)=2*1e9/(1e6*1e6) =2ms, where k=2. For 15 kHz SCS, the one OFDM symbol length is 1/14ms = 71.4us. If measurement device collects 1001 sweep points, this means that the data in each point is collected at a rate of 1.998 us/point (2ms/1001 points), which is far smaller than one OFDM symbol length 71.4us.


Observation 1: There is a concern that sweep time may need to be increased with an order of 10 times depending on the target measurement uncertainty to fulfil.
But of course, a degree of the increase in test time may vary with other setting of the test equipment and other test procedures, too. (i.e. reconfiguration of the DUT, rotation of the DUT during FR2 OTA test, etc.)
 Also, though we introduced one idea to consider the necessary mean time setting above, the measurement uncertainty has a dependency on an SNR of signals and/or average setting. And to derive the appropriate sweep time / average setting, we need to investigate them per test case. Thus the work to derive the values may require a huge amount of discussion in the group.
Observation 2: A huge amount of discussion in the group is expected to derive appropriate sweep time / average setting per test case.
2.3 Consideration on test method with shorter sweep time setting
 Next we would like to think about a case when a DUT is having a better performance and thus there is a margin against a minimum requirement. The discussion in the previous sub-clause can be said that it was assuming the case in which the DUT is somehow having a performance on the border line of the minimum requirement. Hence the necessary sweep time setting was discussed assuming the worst case, and we suppose it is not practical to apply it to all cases. In addition, since these kind of unwanted emission requirements are categorized as the regulatory requirement, their associated test tolerances are defined to zero. Thus the DUT should have already been designed to have some margins against the minimum requirements.
Observation 3: It is not practical to apply the fixed sweep time setting to all DUTs based on the worst case assumption.
Observation 4: Since the test tolerance is defined as zero with the unwanted emission tests, the DUT should have already been designed to have some margins against the minimum requirements, taking into account of the measurement uncertainty. 
 Now suppose the DUT has some margins against the minimum requirements, considering a trade-off between measurement uncertainty and total test time, test procedure should be allowed to carry out the test with the shorter sweep time setting as far as a verdict is made with a tightened test requirement which corresponds to the variance. The brief idea of the way to apply the tightened test requirement is shown in Figure 2.3-1 below.
Observation 5: It is possible to carry out the unwanted emission tests with a shorter sweep time setting as far as the tightened test requirement is applied.
 By applying this approach, we can still confirm the validity of the DUT against the minimum requirement while maintaining the test time within the certain level. While we agree that there may be a rather large variance with the obtained measurement results caused by the short sweep time setting, to avoid unnecessary increase of total test time for conformance tests, it is preferrable that the fixed sweep time setting is not defined in the specification, and the actual test procedures are left to the test case implementation. The test shall of course be carried out again with the longer sweep time setting or longer average setting once the obtained measurement results have exceeded the tightened test requirement. Instead of defining the concrete sweep time setting in the spec, we would like to suggest adding a statement in the spec to judge each test result with a tightened test requirement which corresponds to the sweep time and its expected variance.     
Proposal 1: The fixed sweep time setting is not defined in the conformance specification for the sake of avoiding unnecessary longer test time, and the actual test procedures are left to the test case implementation.
Proposal 2: Add a statement in the spec to judge each test result with a tightened test requirement which corresponds to the sweep time and its expected variance. The test shall be carried out again with the longer sweep time setting or longer average setting in case the obtained measurement results have exceeded the tightened test requirement.
Minimum requirement
e.g. -36 dBm
Measurement result
at one trace point
e.g. -50 dBm
Variance due to short
sweep time setting
e.g. +/- 5 dB
Tightened test requirement
e.g. -36 dBm – 5 dB

Figure 2.3-1: Example of a way to measure with tightened test requirement for short sweep time setting 
3. Conclusion
In this contribution we discussed suitable sweep time condition of the test equipment for BS unwanted emission TCs.
Observation 1: There is a concern that sweep time may need to be increased with an order of 10 times depending on the target measurement uncertainty to fulfil.
Observation 2: A huge amount of discussion in the group is expected to derive appropriate sweep time / average setting per test case.
Observation 3: It is not practical to apply the fixed sweep time setting to all DUTs based on the worst case assumption.
Observation 4: Since the test tolerance is defined as zero with the unwanted emission tests, the DUT has already been designed to have some margin against the minimum requirements, taking into account of the measurement uncertainty. 
Observation 5: It is possible to carry out the unwanted emission tests with a shorter sweep time setting as far as the tightened test requirement is applied.
Proposal 1: The fixed sweep time setting is not defined in the conformance specification for the sake of avoiding unnecessary longer test time, and the actual test procedures are left to the test case implementation.
Proposal 2: Add a statement in the spec to judge each test result with a tightened test requirement which corresponds to the sweep time and its expected variance. The test shall be carried out again with the longer sweep time setting or longer average setting in case the obtained measurement results have exceeded the tightened test requirement.
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Appendix A: Estimated variance of mean power derived by the equation 2.2-1 

	 
	Variance of mean power (1 sigma) [dB]
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	10
	0.24
	0.14
	0.10
	0.08
	0.04
	0.02
	0.01
	0.01

	
	5
	0.34
	0.19
	0.14
	0.11
	0.06
	0.03
	0.02
	0.01

	
	2
	0.53
	0.30
	0.22
	0.17
	0.10
	0.04
	0.03
	0.02

	
	1
	0.73
	0.41
	0.31
	0.24
	0.14
	0.06
	0.04
	0.03

	
	0.5
	1.00
	0.57
	0.44
	0.34
	0.19
	0.09
	0.06
	0.04

	
	0.35
	1.17
	0.68
	0.52
	0.40
	0.23
	0.10
	0.07
	0.05

	
	0.25
	1.35
	0.79
	0.60
	0.47
	0.27
	0.12
	0.09
	0.06

	
	0.15
	1.68
	1.00
	0.76
	0.60
	0.34
	0.16
	0.11
	0.08

	
	0.125
	1.81
	1.08
	0.83
	0.66
	0.37
	0.17
	0.12
	0.09

	
	0.1	
	1.98
	1.19
	0.92
	0.73
	0.41
	0.19
	0.14
	0.10

	
	0.07
	2.28
	1.39
	1.08
	0.86
	0.49
	0.23
	0.16
	0.11

	
	0.05
	2.59
	1.61
	1.25
	1.00
	0.57
	0.27
	0.19
	0.14

	
	0.04
	2.82
	1.76
	1.38
	1.10
	0.64
	0.30
	0.21
	0.15

	
	0.03
	3.13
	1.98
	1.55
	1.25
	0.73
	0.34
	0.24
	0.17

	
	0.02
	3.60
	2.32
	1.84
	1.49
	0.88
	0.41
	0.30
	0.21

	
	0.01
	4.51
	3.01
	2.42
	1.98
	1.19
	0.57
	0.41
	0.30

	
	0.005
	5.54
	3.83
	3.13
	2.59
	1.61
	0.79
	0.57
	0.41

	
	0.003
	6.37
	4.51
	3.73
	3.13
	1.98
	1.00
	0.73
	0.53

	
	0.002
	7.06
	5.10
	4.26
	3.60
	2.32
	1.19
	0.88
	0.64

	
	0.001
	8.31
	6.19
	5.26
	4.51
	3.01
	1.61
	1.19
	0.88

	
	0.0005
	9.62
	7.38
	6.37
	5.54
	3.83
	2.13
	1.61
	1.19

	
	0.0003
	10.62
	8.31
	7.25
	6.37
	4.51
	2.59
	1.98
	1.49
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