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1.	Introduction
This paper proposes the solution for dynamic range issue in ON/OFF time mask.

2.	Discussion
2.1.	Background
[bookmark: _Hlk60670583]FR2 ON/OFF time mask test case has a problem that TE does not have enough dynamic range to measure ON power and OFF power, and the solution to this problem has been discussed in RAN5. Anritsu has proposed to focus on only OFF power measurement and not to measure ON power to avoid the dynamic range issue since RAN5#90 [1], and submitted a pass/fail analysis that shows the judgment accuracy of focusing on only OFF power is better than keeping ON power measurement even considering the clipping of transients leaking into the OFF power region [2]. On the other hand, it was endorsed to correct existing definition of uplink power control window to remove one TE absolute power MU in the discussion of ON/OFF time mask [3], and it may improve the judgment accuracy of keeping ON power measurement.
Furthermore, Ericsson proposed to change ON power level of FR1 ON/OFF time mask test case to be the same as MOP in RAN5#91 [4]. However, R&S and Anritsu were concerned about impact on MU of OFF power measurement due to TE dynamic range.
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2.2.	Margin of TE dynamic range in FR1 ON/OFF time mask
This section provides the testability of the current FR1 ON/OFF time mask test case to show the margin of TE dynamic range. The following table shows the current test requirement in TS 38.521-1 V17.1.0.
Table 6.3.3.2.5-1: General ON/OFF time mask
	
	
	Channel bandwidth / minimum output power / measurement bandwidth

	
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90
MHz
	100
MHz

	Transmit OFF power
	
	≤ -50+TT dBm
	

	Transmission OFF Measurement bandwidth
	
	4.515
	9.375
	14.235
	19.095
	23.955
	28.815
	38.895
	48.615
	58.35
	68.07
	78.15
	88.23
	98.31

	Expected Transmission ON
	15
	-3.6
	0.4
	1.4
	2.7
	3.6
	4.4
	5.7
	6.7
	N/A
	N/A
	N/A
	N/A
	N/A

	Measured power for CP-OFDM
	30
	-4.2
	-0.8
	1.2
	2.5
	3.5
	4.3
	5.7
	6.6
	7.5
	8.2
	8.8
	9.3
	9.8

	
	60
	N/A
	-1.2
	1.0
	2.2
	3.3
	4.2
	5.5
	6.5
	7.4
	8.1
	8.7
	9.2
	9.7

	ON Power Tolerance
	± (9+TT)dB

	NOTE 1:	TT for each frequency and channel bandwidth is specified in Table 6.3.3.2.5-2


For example, the most severe case for CBW = 5 MHz is SCS = 15 kHz. In this case, TE is required to measure the transmit OFF power -50 dBm when assuming the input level 5.4 dBm (= maximum expected ON power -3.6 dBm + ON power tolerance 9 dB). A spectrum analyzer is a common TE, and the DANL of a high-performance spectrum analyzer is -149 dBm/Hz for frequency range 400 MHz to 6 GHz. Note that DANL is generally specified for input level 0 dBm, so the actual DANL is degraded by adding attenuator to the input. In case of CBW = 5 MHz, 6 dB attenuator is added and DANL is degraded to -143 dBm/Hz. Normalized with the OFF power measurement bandwidth 4.515 MHz, DANL becomes -76.5 dBm/MBW, and the OFF power -50 dBm can be measured with SNR = 26.5 dB. It means that TE has a dynamic range margin of 16.5 dB for CBW = 5 MHz when assuming SNR = 10 dB. The following table shows the similar calculation for each CBW.
[bookmark: _Ref77703776]Table 1 Margin of TE dynamic range for each CBW in FR1 ON/OFF time mask
	
	Channel bandwidth [MHz]

	
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70
	80
	90
	100

	Maximum expected ON power per CBW [dBm]
	-3.6
	0.4
	1.4
	2.7
	3.6
	4.4
	5.7
	6.7
	7.5
	8.2
	8.8
	9.3
	9.8

	Maximum ON power to measure [dBm]
(max expected ON power + ON power tolerance 9 dB)
	5.4
	9.4
	10.4
	11.7
	12.6
	13.4
	14.7
	15.7
	16.5
	17.2
	17.8
	18.3
	18.8

	Attenuator [dB]
	6
	10
	11
	12
	13
	14
	15
	16
	17
	18
	18
	19
	19

	DANL of spectrum analyzer [dBm/Hz]
(-149 dBm/Hz – Attenuator)
	-143
	-139
	-138
	-137
	-136
	-135
	-134
	-133
	-132
	-131
	-131
	-130
	-130

	Transmit OFF power measurement band width [MHz]
	4.515
	9.375
	14.235
	19.095
	23.955
	28.815
	38.895
	48.615
	58.35
	68.07
	78.15
	88.23
	98.31

	DANL of spectrum analyzer [dBm/MBW]
	-76.5
	-69.3
	-66.5
	-64.2
	-62.3
	-60.5
	-58.2
	-56.2
	-54.4
	-52.7
	-52.1
	-50.6
	-50.1

	Transmit OFF power [dBm]
	-50

	SNR for OFF power measurement [dB]
	26.5
	19.3
	16.5
	14.2
	12.3
	10.5
	8.2
	6.2
	4.4
	2.7
	2.1
	0.6
	0.1

	Margin of TE dynamic range with SNR = 10 dB [dB]
	16.5
	9.3
	6.5
	4.2
	2.3
	0.5
	-1.8
	-3.8
	-5.6
	-7.3
	-7.9
	-9.4
	-9.9


Unfortunately, even current test requirement for CBW ≥ 40 MHz cannot be tested with SNR = 10 dB by a common TE as shown in red in Table 1. Therefore, FR1 ON/OFF time mask has the same dynamic range issue as FR2, and it should be resolved in the same way as FR2.
[bookmark: _Ref78362166]Observation 1 : The current FR1 ON/OFF time mask test case has the same dynamic range issue as FR2.
[bookmark: _Ref78362311]Proposal 1 : Resolve the dynamic range issue in the current FR1 ON/OFF time mask test case in the same way as FR2.

2.3.	TE dynamic range issue in FR2 ON/OFF time mask
This section clarifies the TE dynamic range issue in FR2 ON/OFF time mask. As shown in the following table that agreed in past discussion about FR2 ACLR [5], TE noise floor is -7.6 dBm/400 MHz when measuring adjacent channel power of -18.8 dBm/400 MHz for FR2a. Note that assigned channel power, which is 17 dB greater than adjacent channel power, is measured at the same time, and UL level increases by 16 dB if test metric is EIRP. Therefore, the above agreement on TE noise floor for FR2 ACLR means that TE dynamic range from the noise floor to the measurable upper level is 21.8 dB = (-18.8 + 16 + 17) – (-7.6) for FR2a, and 17.9 dB = (-19.6 + 16 + 16) – (-5.5) for FR2b when CBW = 400 MHz.
Table 1: TE noise floor for FR2 ACLR test case (400 MHz CBW)
	Frequency Range 
	UL level
[dBm/CBW]
	SNR
[dB]
	TE Noise Floor
[dBm/CBW]

	
	
	TE1
[16]
	TE2
[17]
	TE3
[18]
	TE1
[16]
	TE2
[17]
	TE3
[18]
	Max { TE1, TE2 TE3}

	23.45 GHz ≤ f ≤ 32.125 GHz
	22.4-1.7-16-6.5 -17 = 
-18.8
	-11.0
	-11.2
	-10
	-7.8
	-7.6
	-8.8
	-7.6

	32.125 GHz < f ≤ 40.8 GHz
	20.6-1.7-16-16-6.5 =
-19.6
	-14.1
	-14.1
	-14
	-5.5
	-5.5
	-5.6
	-5.5


[bookmark: _Ref78201358][bookmark: _Ref78362176]Observation 2 : TE dynamic range from the noise floor to measurable upper level is 21.8 dB for FR2a and 17.9 dB for FR2b when CBW = 400 MHz.
However, the current test requirement in TS 38.521-2 V16.8.0 requires OFF power of -30 dBm/400 MHz and ON power of 21.1 dBm +/- 14 dB. It means that TE dynamic range from the noise floor to the measurable upper level is required to be larger than 71.1 dB = (21.1 + 14) – (-30) + 6 when assuming SNR = 6.

2.4.	Solution for TE dynamic range issue
There are 4 solutions to this dynamic range issue, depending on whether TE is optimized for ON power or OFF power, and whether both ON power and OFF power are measured or either one of them is measured.
A. TE is optimized for ON power, and both ON power and OFF power are measured. ON power is accurately measured, but OFF power test requirement needs to be greatly relaxed.
B. TE is optimized for ON power, and only ON power is measured. ON power is accurately measured, but OFF power is not measured.
C. TE is optimized for OFF power, and both ON power and OFF power are measured. OFF power is accurately measured, but measured ON power may always be saturated.
D. TE is optimized for OFF power, and only OFF power is measured. OFF power is accurately measured, but ON power is not measured.
As stated in [6], OFF power measurement has a great influence on judgment of transient period, but ON power measurement does not. According to this idea, solution B is clearly inferior to solution A, because it does not measure OFF power which is important in the judgment. 
Observation 4: The ON power measurement inside ON/OFF time mask test case as defined today is of little value to detect non-compliant UE power ramping.
However, UE power ramping has a large impact on OFF power if the UE ramping falls outside the 5 us transient period. If the UE ON->OFF transient period is 10 us (figure 2), the OFF power will increase by +17.4 dB. This means the OFF power check is very useful to detect non conformant UEs that ramp down too slow after a PUSCH transmission.
On the other hand, ON power measurement in solution C is useless because measured ON power may always be saturated and judged as fail. Therefore, the effective candidates are solutions A and D.
[bookmark: _Ref78362193]Observation 3 : There are 2 solutions to dynamic range issue: optimizing TE for ON power and measuring both ON power and OFF power (solution A), and optimizing TE for OFF power and measuring only OFF power (solution D).

2.5.	Pass/fail analysis in FR2
To compare the solutions A and D, this section provides pass/fail analysis for each solution based on the following assumptions. For readability, only the value of FR2a is used in the explanations, but we also show FR2b in the final result.
· ON power test requirement is 18.15 dBm. It is calculated by MinPeakEIRP-(MBR+MPR+T(MPR)), where MPR = 2 dB for the current test configuration in Table 6.3.3.2.4.1-1 in TS 38.521-2.
· The maximum ON power that can be output from UE is 26.44 dBm. It is calculated by ON power requirement + Power window, where Power window is 8.29 dB as agreed with [ ] in [3].
· OFF power test requirement is -4.6 dBm when CBW = 400 MHz. It is based on the test requirement of transmit OFF power.
· TE dynamic range from the noise floor to measurable upper level is 21.8 dB when CBW = 400 MHz (Observation 2). UE output power cannot be accurately measured when the measurement level is greater than the top of TE dynamic range.
· SNR ≥ 6 dB is required for measurement.
· UE behavior is assumed to be the worst case for judgment accuracy. UE output level decreases linearly in Watts from 26.44 dBm to -35 dBm in ON power judgment, and decreases from 18.15 dBm to -35 dBm in OFF power judgment. UE behaviors in the case of FR2a and CBW = 50 MHz are shown below as an example.

[image: ]
Figure 1 UE behavior in ON power judgment
[image: ]
Figure 2 UE behavior in OFF power judgment

Based on the above assumptions, optimizing TE for ON power (solution A) means that the top of TE dynamic range is 26.44 dBm which is the maximum ON power, and OFF power test requirement is relaxed to the testable level which is 10.6 dBm (= top of dynamic range 26.44 dBm – dynamic range 21.8 dB + SNR 6 dB) when CBW = 400 MHz. On the other hand, optimizing TE for OFF power (solution D) means that the TE noise floor is -10.6 dBm (= OFF power test requirement -4.6 dBm – SNR 6 dB), and measured level may be saturated above 11.2 dBm (= noise floor -10.6 dBm + dynamic range 21.8 dB) when CBW = 400 MHz. TE optimization in the case of FR2a and CBW = 50 MHz are shown below as an example.

[image: ]
Figure 3 TE optimization in solution A
[image: ]
Figure 4 TE optimization in solution D


As a result of the pass/fail analysis, following tables show the performance of the solutions A and D per frequency range and CBW.
[bookmark: _Ref78295959][bookmark: _Ref78295952]Table 2 Transient time resolution [us]
	
	FR2a
	FR2b

	
	Solution A
	Solution D
	Solution A
	Solution D

	CBW
	ON
	OFF
	ON
	OFF
	ON
	OFF
	ON
	OFF

	50 MHz
	224
	13
	-
	6
	226
	20
	-
	7

	100 MHz
	224
	17
	-
	7
	226
	31
	-
	8

	200 MHz
	224
	26
	-
	7
	227
	53
	-
	10

	400 MHz
	225
	43
	-
	9
	229
	96
	-
	13


[bookmark: _Ref78306005]Table 3 Judgment accuracy 
	
	FR2a
	FR2b

	
	Solution A
	Solution D
	Solution A
	Solution D

	CBW / Transient [us]
	5
	6
	10
	20
	5
	6
	10
	20
	5
	6
	10
	20
	5
	6
	10
	20

	50 MHz
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	100 MHz
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	200 MHz
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	400 MHz
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Table 2 shows the minimum transient period which can be judged as fail, and Table 3 shows the judgment accuracy in color. Solution A checks ON power level, but it is not useful for detecting a bad transient period because transient time resolution for ON power is much longer than 1 slot (=125 us). Solution D has a transient time resolution of OFF power that is more than twice as good as solution A due to optimizing TE for OFF power. Solution D does not check ON power level, but it is not inferior to solution A for the purpose of testing transient period. Therefore, we recommend solution D for FR2 ON/OFF time mask.
[bookmark: _Ref78362199]Observation 4 : ON power measurement is not useful for detecting a bad transient period.
[bookmark: _Ref78362203]Observation 5 : Solution D is more than twice as accurate as solution A in OFF power measurement.
[bookmark: _Ref78362316]Proposal 2 : For FR2 ON/OFF time mask, use solution D that optimizes TE for OFF power and measures only OFF power. To achieve that, delete ON power test requirement and correct OFF power test requirement to be the same as transmit OFF power.
When solution D is used, the ON power setting procedure need to be corrected because solution D does not check the ON power level. We propose to correct it to send continuously power control “up” commands. This correcting also improves the judgment accuracy.
[bookmark: _Ref78363556]Proposal 3 : For FR2 ON/OFF time mask, correct the ON power setting procedure to send continuously power control “up” commands.

2.6.	MU and TT
MU of FR2 ON/OFF time mask is the same value as transmit OFF power for EIRP measurement when using solution D, because it 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 the same value as the current MU in TS 38.521-2.
[bookmark: _Ref78362319]Proposal 4 : Keep the current OFF power MU of FR2 ON/OFF time mask.
The current TT of FR2 ON/OFF time mask is based on Proposal 1 of [6], and solution D is not inconsistent with it.
[bookmark: _Ref78362320]Proposal 5 : Keep the current OFF power TT of FR2 ON/OFF time mask.


3.	Conclusion
Observation 1 : The current FR1 ON/OFF time mask test case has the same dynamic range issue as FR2.
Observation 2 : TE dynamic range from the noise floor to measurable upper level is 21.8 dB for FR2a and 17.9 dB for FR2b when CBW = 400 MHz.
Observation 3 : There are 2 solutions to dynamic range issue: optimizing TE for ON power and measuring both ON power and OFF power (solution A), and optimizing TE for OFF power and measuring only OFF power (solution D).
Observation 4 : ON power measurement is not useful for detecting a bad transient period.
Observation 5 : Solution D is more than twice as accurate as solution A in OFF power measurement.
RAN5 is asked to endorse following proposals.
Proposal 1 : Resolve the dynamic range issue in the current FR1 ON/OFF time mask test case in the same way as FR2.
Proposal 2 : For FR2 ON/OFF time mask, use solution D that optimizes TE for OFF power and measures only OFF power. To achieve that, delete ON power test requirement and correct OFF power test requirement to be the same as transmit OFF power.
Proposal 3 : For FR2 ON/OFF time mask, correct the ON power setting procedure to send continuously power control “up” commands.
Proposal 4 : Keep the current OFF power MU of FR2 ON/OFF time mask.
Proposal 5 : Keep the current OFF power TT of FR2 ON/OFF time mask.
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