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1.	Introduction
This paper provides the pass/fail analysis for FR2 ON/OFF time mask with and without ON power measurement, and the influence of clipping for the pass/fail judgment in the FR2 ON/OFF time mask without ON power measurement.

2.	Discussion
2.1.	Background
[bookmark: _Hlk60670583]At RAN5#90e, Anritsu proposed a new test method for ON/OFF time mask which focus on only OFF power measurement and does not assume ON power measurement to avoid the degradation of TE noise floor [1], and R&S was concerned about clipping of the transients leaking into the OFF power region [2]. The concern is that the clipping causes lower measured level than the actual, and bad UE may pass in the situation: actual average level > requirement, actual maximum level > clipping level, measured average level < requirement level. Figure 1 shows the situation. Note that good UE never fails due to the clipping.
[image: ]
[bookmark: _Ref70064545]Figure 1 Situation of misjudgment caused by clipping

2.2.	Pass/fail analysis with ON power measurement
This section provides pass/fail analysis for the current test method which measures OFF power with ON power. The assumptions in this analysis are shown below.
· TE noise floor is the same value as the assumption in ACLR [3]: -7.6 dBm/400 MHz for FR2a, -5.5 dBm/400 MHz for FR2b.
· Maximum ON power that can be measured without TE noise floor degradation is the same value as the UL level assumption in ACLR [3]: +14.2 dBm for FR2a, +12.4 dBm for FR2b.
· ON power that assumed in the pass/fail analysis is the above maximum ON power – power window size Pw.
· Test requirement for OFF power is the above TE noise floor + 6 dB: -1.6 dBm/400 MHz for FR2a, +0.5 dBm/400MHz for FR2b.
· Target level for OFF power is the same value as the requirement without TT and relaxation in ON/OFF time mask: -30 dBm.
· UE behavior is decreasing the output level linearly in Watts from ON power to OFF power in each transient period.
· The average power in 1 slot is compared with the test requirement to judge pass/fail.

It is necessary to calculate power window size Pw before the pass/fail analysis, and Pw is 13.2 dB for FR2a and 13.6 dB for FR2b. According to F.4.2.1 in TS 38.521-3, Pw is obtained by the sum of UE power step size, UE power step tolerance, TE relative power MU, and double of TE absolute power MU. UE power step size and UE power step tolerance are defined by Table 7.1.1-1 in TS 38.213 and Table 6.3.4.3-2 in TS 38.101-2, respectively. TE relative power MU is proposed as 0.8 dB in [4], and TE absolute power MU is calculated by the budget sheet Table B.3.2-2 in TR 38.903. These values and the result of Pw calculation are shown in Table 1 below.
[bookmark: _Ref70064439]Table 1 Power window size calculation [dB]
	
	FR2a
	FR2b
	Assumption

	UE power step size
	1.0
	1.0
	From Table 7.1.1-1 in TS 38.213
· PUSCH
· TPC Command Field 1 or 2

	UE power step tolerance
	1.0
	1.0
	From Table 6.3.4.3-2 in TS 38.101-2
· PUSCH
· Power step = 1 dB
· Target power > minimum peak EIRP – 12.0 dB

	TE relative power MU
	0.8
	0.8
	EIRP, IFF

	TE absolute power MU
	4.89
	5.09
	EIRP, IFF, MOP measurement

	Power window size Pw
	12.6
	13.0
	(UE power step size) + (UE power step tolerance) + (TE relative power MU) + 2 x (TE absolute power MU)


[bookmark: _Ref70608768][bookmark: p1]Proposal 1 : Apply the values in Table 1 (12.6 dB for FR2a and 13.0 dB for FR2b) to FR2 power window size Pw for PUSCH, power step = 1 dB, target power > minimum peak EIRP – 12.0 dB.

According to the above assumptions and Pw, the case of “FR2a, CBW 50 MHz, transient period 10 us” is shown below as an example of the pass/fail analysis with ON power measurement. It should be judged as FAIL due to a transient period of more than 5 us. However, it is judged as PASS, because the average power is less than TE noise floor and is not enough to be above the test requirement. Note that the case of FR2a, CBW 50 MHz is a relatively easy situation. If TE noise floor increases with a wider CBW or higher frequency, the influence of leaking power in transient period will be smaller and accurate verdict will be more difficult.
Example for FR2a, CBW 50 MHz, transient period 10 us
· ON power at the start of transient period: +1.6 dBm
· Power level at the end of ideal transient period (5 us): -1.4 dBm
· Average OFF power in 1 slot: -18.1 dBm
· Average OFF power + TE noise: -14.3 dBm
· Verdict for test requirement (-10.6 dBm): PASS
[image: ]
Figure 2 Example of pass/fail analysis with ON power measurement (FR2a, CBW 50 MHz, 10 us)

The following table shows a summary of pass/fail analysis with ON power measurement when transient period is 5, 10, 20 us. As shown in Table 2, even 20 us will be judged as PASS expect for FR2a, CBW 50 MHz. The test method with ON power measurement cannot identify failing transient periods accurately.
[bookmark: _Ref70079912]Table 2 Pass/fail analysis with ON power measurement
	Transient period
	Accurate verdict
	Average OFF power + TE noise [dBm]
	Verdict

	
	
	FR2a
50 MHz
	FR2a
400 MHz
	FR2b
50 MHz
	FR2b
400 MHz
	FR2a
50 MHz
	FR2a
400 MHz
	FR2b
50 MHz
	FR2b
400 MHz

	5 us
	PASS
	-16.4
	-7.6
	-14.4
	-5.5
	PASS
	PASS
	PASS
	PASS

	10 us
	FAIL
	-14.3
	-7.2
	-13.5
	-5.4
	PASS
	PASS
	PASS
	PASS

	20 us
	FAIL
	-10.6
	-6.2
	-11.2
	-4.9
	FAIL
	PASS
	PASS
	PASS


[bookmark: _Ref70600250][bookmark: _Ref70608752][bookmark: o1]Observation 1 : For FR2 ON/OFF time mask, the test method with ON power measurement cannot identify failing transient periods accurately as shown in Table 2.

2.3.	Pass/fail analysis without ON power measurement
In order to improve the verdict accuracy, we propose a new test method that measures the OFF power without ON power, and this section provides pass/fail analysis for the proposed test method. The illustration of the proposed method is shown in Figure 3. In the proposed method, TE noise floor can be set to assuming OFF power instead of assuming limitation of dynamic range with ON power, and ON power can be increased as long as the TE is not damaged. As a result, TE noise becomes lower and leaking power in transient period becomes higher, and then it can be expected that the pass/fail judgment will be more accurate than the previous method. However, there is a concern about clipping when UE output power exceeds the assumed UL level which is limited by the dynamic range. As said in the background section, the clipping causes lower measured level than the actual level. Furthermore, there is a concern about synchronization to the UL timing when the measured power is used as a reference, but it can be avoided by synchronizing based on UL frame information.
[image: ]
[bookmark: _Ref70583138]Figure 3 Illustration of the previous and proposed methods
[bookmark: _Ref70607882][bookmark: _Ref70608773][bookmark: p2]Proposal 2 : For FR2 ON/OFF time mask, use the proposed test method that measures only OFF power and set ON power to minimum peak EIRP and OFF power to the same as transmit OFF power.

If clipping occurs, TE cannot guarantee the level accuracy, but we can expect the measured level to be higher than the assumed UL level. Therefore, we consider clipped UE output power as the same as the assumed UL level in pass/fail analysis. Note that this assumption is stricter than the actual situation, because the measured level that exceeds the assumed UL level is gradually saturated due to the general characteristics of amplifier. The following is a summary of the assumptions in this analysis.
· Target level for OFF power is the same value as the core requirement of transmit OFF power: -35 dBm.
· Test requirement for OFF power is the same value as the test requirement of transmit OFF power: -4.6 dBm/400 MHz for FR2a, -1.9 dBm/400MHz for FR2b.
· TE noise floor is the above test requirement – 6 dB: -10.6 dBm/400 MHz for FR2a, -7.9 dBm/400 MHz for FR2b.
· UL level assumption is calculated by applying the dynamic range between TE noise floor and UL level in ACLR [3] to the above TE noise floor: +11.2 dBm for FR2a, +10.0 dBm for FR2b.
· ON power that assumed in the pass/fail analysis is minimum peak EIRP: +22.4 dBm for FR2a, +20.6 dBm for FR2b.
· UE behavior is decreasing the output level linearly in Watts from ON power to OFF power in each transient period.
· The average power in 1 slot is compared with the test requirement to judge pass/fail.
· UE output power is considered to be the same as the assumed UL level, when it exceeds the assumed UL level.
According to the above assumptions, the case of “FR2a, CBW 50 MHz, transient period 10 us” is shown below as an example of the pass/fail analysis without ON power measurement. It is accurately judged as FAIL if the level is lowered by clipping, because the average power is sufficiently higher than the test requirement.
Example for FR2a, CBW 50 MHz, transient period 10 us
· ON power at the start of transient period: +22.4 dBm
· Power level at the end of ideal transient period (5 us): +19.4 dBm
· Average OFF power in 1 slot: +2.4 dBm
· Average OFF power + TE noise: +2.4 dBm
· Average OFF power + TE noise + clipping: -3.0 dBm
· Verdict for test requirement (-13.6 dBm): FAIL
[image: ]
Figure 4 Example of pass/fail analysis without ON power measurement (FR2a, CBW 50 MHz, 10 us)

The following table shows a summary of pass/fail analysis without ON power measurement when transient period is 5, 10, 20 us. As shown in Table 3Table 2, it will be accurately judged expect for FR2b, CBW 400 MHz. The test method without ON power measurement can identify failing transient periods accurately in most situations.
[bookmark: _Ref70591204]Table 3 Pass/fail analysis without ON power measurement
	Transient period
	Accurate verdict
	Average OFF power + TE noise + clipping [dBm]
	Verdict

	
	
	FR2a
50 MHz
	FR2a
400 MHz
	FR2b
50 MHz
	FR2b
400 MHz
	FR2a
50 MHz
	FR2a
400 MHz
	FR2b
50 MHz
	FR2b
400 MHz

	5 us
	PASS
	-19.5
	-10.6
	-16.9
	-7.9
	PASS
	PASS
	PASS
	PASS

	10 us
	FAIL
	-3.0
	-2.4
	-4.1
	-2.8
	FAIL
	FAIL
	FAIL
	PASS

	20 us
	FAIL
	+1.8
	+2.0
	+0.6
	+1.1
	FAIL
	FAIL
	FAIL
	FAIL


[bookmark: _Ref70608757][bookmark: o2]Observation 2 : For FR2 ON/OFF time mask, the test method without ON power measurement can identify failing transient periods accurately in most situations as shown in Table 3.

For comparison, the table below shows the minimum transient period that can be judged as FAIL when each method is used. The influence of clipping is shown in the difference between columns four and five. The maximum degradation of verdict accuracy is 3.7 us in FR2b, CBW 400 MHz, but it is less than 1.4 us in most situation. Furthermore, from columns three and four, the proposed method can judge transient period more accurately than the previous method in any CBW, even if clipping occurs. From the above analysis, it is considered that the judgment accuracy is improved by the method proposed in Proposal 2 even considering the influence of clipping.
[bookmark: _Ref70604182]Table 4 Minimum transient period that can be judged as FAIL [us]
	
	CBW
	Previous method
	Proposed method with clipping consideration
	Proposed method w/o clipping consideration

	FR2a
	50 MHz
	20
	5.6
	5.6

	
	100 MHz
	32
	5.9
	5.8

	
	200 MHz
	55
	6.5
	6.1

	
	400 MHz
	100
	7.8
	6.6

	FR2b
	50 MHz
	40
	6.1
	5.9

	
	100 MHz
	70
	6.9
	6.3

	
	200 MHz
	131
	8.4
	7.0

	
	400 MHz
	Note 1
	11.6
	7.9

	Note 1:	Never judged as FAIL because ON power is less than OFF power test requirement.


[bookmark: _Ref70608761][bookmark: o3]Observation 3 : The judgment accuracy is improved by Proposal 2 even considering the influence of clipping.

2.4.	MU
MU of ON/OFF time mask is the same value as transmit OFF power for EIRP measurement when using the proposed method, because the proposed method only requires the measurement of the OFF power. According to Table B.8-2 in TR 38.903, the concrete value is +/- 6.15 dB for FR2a and FR2b, and it is already endorsed in TS 38.521-2.
[bookmark: p3]Observation 4 : The current MU of ON/OFF time mask can be used for the proposed method.


3.	Conclusion
Observation 1 : For FR2 ON/OFF time mask, the test method with ON power measurement cannot identify failing transient periods accurately as shown in Table 2.
Observation 2 : For FR2 ON/OFF time mask, the test method without ON power measurement can identify failing transient periods accurately in most situations as shown in Table 3.
Observation 3 : The judgment accuracy is improved by Proposal 2 even considering the influence of clipping.
Observation 4 : The current MU of ON/OFF time mask can be used for the proposed method.
RAN5 is asked to endorse following proposals.
Proposal 1 : Apply the values in Table 1 (12.6 dB for FR2a and 13.0 dB for FR2b) to FR2 power window size Pw for PUSCH, power step = 1 dB, target power > minimum peak EIRP – 12.0 dB.
Proposal 2 : For FR2 ON/OFF time mask, use the proposed test method that measures only OFF power and set ON power to minimum peak EIRP and OFF power to the same as transmit OFF power.
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Assumptions

	#1
	Assumption 
	[bookmark: _Hlk61008047]Description

	#2
	Frequency ranges under consideration
	All Rel-15 FR2 bands for in-band measurement.
6GHz – 87GHz for spurious measurement.

	#3
	Size of QZ for IFF
	30 cm

	#5
	Power range for EIRP measurements considered at the conducted reference plane
	+43 dBm (PC3 max beam peak)

	#6
	Temperature variation impact
	+18 to +28 degrees C

	#7
	UE power class
	PC3

	#9
	Characterization for QoQZ for spurious measurements
	N/A
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