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1.	Introduction
FR2 Relative power control test case is not completed due to its testability issue [1]. RAN5 have extensively discussed the testability issue with RAN4 [2][3][4][5], but the testability issue was not solved. As a result, RAN5 endorsed to test the UE ability to set a fixed output power level within power control windows required in other test cases instead of testing the classic power ramping [6]. This paper clarifies the required UE ability for the relative power setting. Unless otherwise commented, observations and proposals in this paper are for PC3, FR2a and FR2b.
Proposal 3: Investigate adding test coverage for the ability of the UE to set a fixed output power within a power window instead of the classic power ramping, either as a new test case or within existing Relative Power Tolerance test case.

2.	Discussion
[bookmark: _Hlk60670583]2.1.	Test coverage
In TS 38.521-2 [7], power control window is used in the test procedures of Aggregate power tolerance, Carrier leakage, In-band emissions, ACS (Adjacent channel selectivity), and In-band blocking.

Aggregate power tolerance: According to the test procedure, measured UE output should be within the range of target level ± power control window size (Pw). Following table shows the summary of target level and Pw at each condition.
[bookmark: _Ref133932087]Table 1 Target level and Pw in Aggregate power tolerance
	Frequency sub-range
	Pint
	Target level
	Power range
	Relative power tolerance
	Power step size
	Relative MU
	Pw

	FR2a
	10.4 dBm
	1 dBm
	Pint ≥ P ≥ Pmin
	5 dB
	1 dB
	1.4 dB
	7.4 dB

	
	
	15 dBm
	PUMAX ≥ P > Pint
	3 dB Note 7
	
	
	5.4 dB Note 7

	
	
	
	
	1 dB Note 8
	
	
	3.4 dB Note 8

	FR2b
	8.6 dBm
	6 dBm
	Pint ≥ P ≥ Pmin
	5 dB
	
	
	7.4 dB

	
	
	15 dBm
	PUMAX ≥ P > Pint
	3 dB Note 7
	
	
	5.4 dB Note 7

	
	
	
	
	1 dB Note 8
	
	
	3.4 dB Note 8

	Note 1:	Pint is defined as minimum peak EIRP – 12.0 dB in Table 6.3.4.2.3-2 [7].
Note 2:	Target level is according to Table 6.3.4.4.4.2-1 [7].
Note 3:	Power range is selected according to whether the target level is higher or lower than Pint.
Note 4:	Relative power tolerance is according to Table 6.3.4.3.3-1 and Table 6.3.4.3.3-2 [7].
Note 5:	Relative MU is according to Table F.1.2-1 [7].
Note 6:	Pw is calculated as the sum of Relative power tolerance, Power step size, and Relative MU.
Note 7:	PUCCH subtest
Note 8:	PUSCH subtest


[bookmark: _Ref115698727][bookmark: _Ref109904402]
Carrier leakage: According to the test procedure, measured UE output should be within the range of (target level + absolute MU) to (target level + absolute MU + Pw). Following table shows the summary of target level, Pw, and absolute MU at each condition.
Table 2 Target level and Pw in Carrier leakage
	Frequency sub-range
	Pint
	Target level
	Power range
	Relative power tolerance
	Power step size
	Relative MU
	Pw
	Absolute MU

	FR2a
	10.4 dBm
	0 dBm
	Pint ≥ P ≥ Pmin
	5 dB
	1 dB
	1.4 dB
	7.4 dB
	6.15 dB

	FR2b
	8.6 dBm
	
	
	
	
	
	
	

	Note 1:	Pint is defined as minimum peak EIRP – 12.0 dB in Table 6.3.4.2.3-2 [7].
Note 2:	Target level is according to Table 6.4.2.2.4.2-1 [7].
Note 3:	Power range is selected according to whether the target level + absolute MU is higher or lower than Pint.
Note 4:	Relative power tolerance is according to Table 6.3.4.3.3-1 and Table 6.3.4.3.3-2 [7].
Note 5:	Relative MU is according to Table F.1.2-1 [7].
Note 6:	Pw is calculated as the sum of Relative power tolerance, Power step size, and Relative MU.
Note 7:	Absolute MU is according to Table F.1.2-1 [7].



In-band emissions: All of target level, relaxation, and MU is FFS for this test case. Analysis on Pw is skipped in this paper.

ACS: According to the test procedure, measured UE output should be within the range of (target level - absolute MU) to (target level - absolute MU - Pw). Following table shows the summary of target level, Pw, and absolute MU at each condition. Note that analysis on Pw is skipped for Case 1 and CBW ≥ 200 MHz, and Case 2 in this paper, because the core requirements for these conditions are not testable due to testability issue.
Table 3 Target level and Pw in ACS (Case 1)
	Frequency sub-range
	Pint
	Target level
	Power range
	Relative power tolerance
	Power step size
	Relative MU
	Pw
	Absolute MU

	FR2a
	10.4 dBm
	≥ 14.15 dBm
	Pint ≥ P ≥ Pmin
	5 dB
	1 dB
	1.4 dB
	7.4 dB
	5.08 dB

	FR2b
	8.6 dBm
	≥ 12.35 dBm
	
	
	
	
	
	5.28 dB

	Note 1:	Pint is defined as minimum peak EIRP – 12.0 dB in Table 6.3.4.2.3-2 [7].
Note 2:	According to Note 6 of Table 7.5.5-2 and Note 4 of Table 7.5.5-2 [7], target level is 4 dB below the measured peak EIRP PUMAX,f,c. The possible minimum PUMAX,f,c is calculated by the following assumptions.
· Minimum peak EIRP: 22.4 dBm for FR2a, 20.6 dBm for FR2b
· Uplink configuration: DFT-s-OFDM QPSK Outer_Full
· MPR for the above UL configuration: 2 dB
· T(MPR) for the above MPR: 1.5 dB
· MBR: 0.75 dB
Note 3:	Power range is selected according to whether the target level – absolute MU is higher or lower than Pint. Note that the target level – absolute MU depends on the actual UE output level and could be higher than Pint. However, Pint ≥ P ≥ Pmin is selected in this analysis assuming the worst case.
Note 4:	Relative power tolerance is according to Table 6.3.4.3.3-1 and Table 6.3.4.3.3-2 [7].
Note 5:	Relative MU assumes the same value as Aggregate power tolerance. Note that it should be clarified in Table F.1.3-1 [7].
Note 6:	Pw is calculated as the sum of Relative power tolerance, Power step size, and Relative MU.
Note 7:	Absolute MU assumes the same value as MOP (EIRP) in Table F.1.2-1 [7]. Note that it should be clarified in Table F.1.3-1 [7].



In-band blocking: The target level and the UL power control procedure for this test case are the same as ACS (Case 1).

According to the above tables, UE is required to set its output power level within the following ranges in Tx/Rx test cases.
[bookmark: _Ref140762418]Table 4 Required UE ability for relative power setting in Tx/Rx test cases
	Test case
	Power class
	Frequency sub-range
	Power step size
	Target power range
	Condition

	Aggregate power tolerance
	PC3
	FR2a
	1 dB
	1 dBm ± 7.4 dB
	Power ID 1

	
	
	
	
	15 dBm ± 5.4 dB
	Power ID 2, PUCCH

	
	
	
	
	15 dBm ± 3.4 dB
	Power ID 2, PUSCH

	
	
	FR2b
	1 dB
	6 dBm ± 7.4 dB
	Power ID 1

	
	
	
	
	15 dBm ± 5.4 dB
	Power ID 2, PUCCH

	
	
	
	
	15 dBm ± 3.4 dB
	Power ID 2, PUSCH

	Carrier leakage
	PC3
	FR2a
	1 dB
	0 dBm + (6.15 dB to 13.55 dB)
	-

	
	
	FR2b
	
	
	

	ACS (Case 1),
In-band blocking
	PC3
	FR2a
	1 dB
	PUMAX,f,c – 4 dB – (5.08 dB to 12.48 dB)
	-

	
	
	FR2b
	
	PUMAX,f,c – 4 dB – (5.28 dB to 12.68 dB)
	


[bookmark: _Ref141895277][bookmark: _Ref133933289][bookmark: _Ref141895398]Proposal 1: In FR2 Relative power control test case, verify the ability of the UE transmitter to set its output power within the fixed power window summarized in Table 4 instead of the classic minimum conformance requirements of power ramping.
In addition, relative MU is used in some RRM Random Access test cases, e.g., 5.3.2.2.1 and 5.3.2.2.2 in TS 38.533 [8]. For FR2 Relative power control test case, further analysis is needed to clarify what is required for these RRM test cases.

2.2.	Measurement uncertainty
For the current relative power control test case with the classic power ramping, MU value is defined as [1.7] dB as shown below [9].
Table B.9a.2.2-2: Uncertainty assessment for EIRP relative power control tolerance measurement (f=23.45GHz, 32.125GHz, 40.8GHz, Quiet Zone size ≤ 30 cm) for PC3 UEs and normal temperature condition
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor
	Standard uncertainty (σ) [dB]

	Stage 2: DUT measurement

	1
	Uncertainty of the RF relative power measurement equipment
	[0.4]
	Normal
	2.00
	[0.2]

	2
	Amplifier uncertainties
	0.5
	Rectangular
	1.73
	0.29

	3
	Impact of frequency response
	FFS
	FFS
	FFS
	FFS

	Stage 1: Calibration measurement

	
	N/A
	
	
	
	

	
	Systematic uncertainties (NOTE 1)
	Value

	4
	Influence of noise (23.45GHz <= f <= 40.8GHz)
	1.0

	Total measurement uncertainty 
	Value

	EIRP Expanded uncertainty (23.45GHz <= f <= 32.125GHz) (1.96σ - confidence interval of 95 %) [dB]
	[1.7]

	NOTE 1:	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 2:	Power step size assumed P = 1 dB.
NOTE 3:	Measurement uncertainties in this table assume absolute power measurements involved in the same relative power measurement are performed over the same RF path.


Some of these uncertainty values can be updated due to the difference between the current and new relative power control test case.

Uncertainty of the RF relative power measurement equipment: The current uncertainty value [0.4] dB was agreed by Proposal 2 of [10]. It assumes only linearity and impact of the averaging time for the power measurement equipment uncertainty with a total value of 0.4 dB, and [ ] was added to concerns about an impact of RB change. In the new relative power control test case, [ ] can be removed because RB change is not used.

Amplifier uncertainties: The current uncertainty value 0.5 dB was provided in [11] and agreed by Proposal 4 of [12]. It assumes a dynamic range of 20 dB for the previous relative power control test case, but only 1 dB power step is used in the new test case. This uncertainty source can be removed from the total MU calculation.

Impact of frequency response: Using this uncertainty source was agreed by Proposal 2 of [13]. It assumes RB change in the previous relative power control test case, but it is not used in the new test case. This uncertainty source can be removed from the total MU calculation.

Influence of noise: The current uncertainty value 1.0 dB was agreed by Proposal 3 of [10] and Proposal 11 of [14]. It assumes 1 dB step size and testing at the possible lowest power. The same assumption can be used in the new relative power control test case, so there is no need to update the uncertainty value.

As a result, the total MU can be calculated as below.
[bookmark: _Ref141894543]Table 5 Uncertainty assessment for the new relative power control test case
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor
	Standard uncertainty (σ) [dB]

	Stage 2: DUT measurement

	1
	Uncertainty of the RF relative power measurement equipment
	0.4
	Normal
	2.00
	0.2

	Stage 1: Calibration measurement

	
	N/A
	
	
	
	

	
	Systematic uncertainties (NOTE 1)
	Value

	2
	Influence of noise (23.45GHz <= f <= 40.8GHz)
	1.0

	Total measurement uncertainty 
	Value

	EIRP Expanded uncertainty (23.45GHz <= f <= 32.125GHz) (1.96σ - confidence interval of 95 %) [dB]
	1.4

	NOTE 1:	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 2:	Power step size assumed P = 1 dB.
NOTE 3:	Measurement uncertainties in this table assume absolute power measurements involved in the same relative power measurement are performed over the same RF path.


[bookmark: _Ref141895399]Proposal 2: Adopt the uncertainty sources and these values in Table 5 for FR2 Relative power control test case.
[bookmark: _Ref141895401]Proposal 3: Adopt 1.4 dB for the total MU of FR2 Relative power control test case.

2.3.	Test tolerance
As clarified in Proposal 1, the ability of UE is verified by setting its output power within the fixed power window. Test tolerance is not needed because measurement uncertainty is considered in power window.
[bookmark: _Ref122619827][bookmark: _Ref115793431]Proposal 4: Adopt 0 dB for TT of FR2 Relative power control test cases.


3.	Conclusion
RAN5 is asked to endorse following proposals for FR2a and FR2b, PC3, CBW  400 MHz, IFF, max device size  40 cm.
Proposal 1: In FR2 Relative power control test case, verify the ability of the UE transmitter to set its output power within the fixed power window summarized in Table 4 instead of the classic minimum conformance requirements of power ramping.
Proposal 2: Adopt the uncertainty sources and these values in Table 5 for FR2 Relative power control test case.
Proposal 3: Adopt 1.4 dB for the total MU of FR2 Relative power control test case.
Proposal 4: Adopt 0 dB for TT of FR2 Relative power control test cases.
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