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1. Introduction
During RAN5#99, discussions on how to test FR1 EVM with sorter transient period continued in [1] . There was no consensus on the power step size to apply nor the power reference from where to apply the power step. It was agreed that further analysis was required, especially the resulting test system MU depending on the test configuration.
This contribution will present further Keysight views and proposals on power settings to test FR1 EVM in transient period based on a more detailed MU analysis.
2. [bookmark: _Ref31104997]Discussion
2.1 General observations
2.1.1 SCS and BW
Current test case definition requires to test both lowest and highest CBW. In addition, for UEs supporting 2us transient period, it is required to test 30kHz SCS. That means that testing up to 100MHz is required and need to be considered. For a given target power level, the greater the BW, the lower the spectral density and hence the lower SNR available.
[bookmark: _Ref139532927]Observation 1. Testing up to 100MHz BW needs to be considered.
2.1.2 [bookmark: _Ref115975103]Modulation
As per core requirements, test case is required to be tested for 64QAM and 256QAM only, with the following EVM limits to be applied to the UE, that are significantly higher to the limit permitted to the UE when transient periods are excluded from EVM computation, what is reasonable. This higher requirement to the UE allows indirectly higher MUs to the test system compared to the regular EVM case, what is also reasonable.

Table 6.4.2.1a-2: Requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level

	64 QAM 
	%
	10

	256 QAM
	%
	8




[bookmark: _Ref139532930]Observation 2. To check EVM in transient periods, required to test only 64QAM and 256QAM permitting higher EVM limit to the UE compared to regular EVM test where transient periods are excluded.

In case of testing at Pumax, as per one of the scenarios required to analyze, for the modulations under test, high MPR can be applied. In particular, for a PC3 UE and assuming contiguous RB allocation, for 256QAM, a conformance UE power can go down to 11.5dBm, as captured in test case 6.2.2 in [2]. Given the significant variability at UE side that would also imply variability at test system configuration, it is proposed not to test above 11.5dBm as higher power level during the test.
[bookmark: _Ref139532966]Proposal 1. Consider 11.5dBm as the higher power level to test to avoid influence of MPR.

There would be 2 ways to configure that power level, by configuring p-Max to the target power and then send continuous Up power control commands or using a TPC power control window fixing a target power level that cannot be exceed.
In case of using p-Max and setting it to 11.5dBm or lower, even if MPR is not being applied by the UE, according to requirements defined in configured output power test case 6.2.4 in [2], the actual UE power window could vary +-6dB == 12dB power window.
In case of using TPC power control window as already used in other test cases, defined as -MU to -(MU + Uplink power control window size) dB of the target power level to ensure the target power level is not exceeded, taking into account that:
· MU is the test system uplink power measurement uncertainty: up 1.8dB
· Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) + (Test system relative power measurement uncertainty)
· Test system relative power measurement uncertainty: up to 1dB
It means the UE power will be contained within target power level and target power level – 4.5dB. That is a power window of 4.5dB what is significantly smaller than the power window using p-Max to limit the UE power.
[bookmark: _Ref139464351][bookmark: _Ref139532978]Proposal 2. Use TPC power control window to fix UE higher target power rather than using p-Max.

2.1.3 Transient power step
It has been requested to analyze 2 transient power steps: 20dB and 14dB, to be achieved by changing the PRB allocation.
Assuming Proposal 2 above is accepted, test system will need to be configured to receive target power level, however, UE power level, even if PRB allocation is not changed, can be up to 4.5dB lower. Hence, when analyzing the MUs, it needs to be considered that the total power difference that test system needs to support will be 4.5dB higher, that is, up to 24.5dB and 18.5dB depending on the transient power step configured.
[bookmark: _Ref139528170][bookmark: _Ref139532933]Observation 3. Applying a PRB allocation power change of 20dB will drive into up to 24.5dB transient power step from target power level, taking into account the TPC power control window.
[bookmark: _Ref139528172][bookmark: _Ref139532935]Observation 4. Applying a PRB allocation power change of 14dB will drive into up to 18.5dB transient power step from target power level, taking into account the TPC power control window.
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Figure 2.1.3-1. UL power diagram when UL power control window is enabled and a PRB reallocation is made.

2.2 Measurement Uncertainty (MU) and Test Tolerance (TT)
2.2.1 MU
After more detailed analysis in our test system, for target power level of 11.5dBm or target power level of 0dBm we can have the same MTSU. In that range, the main influence in the MTSU is the power step size. In next table it is summarized the resulting MU depending on the power step size considered in Observation 3 and Observation 4.


	PRB Power step
	Total UE power window
	MTSU

	14dB
	18.5dB
	3.1%

	20dB
	24.5dB
	5.6%



Table 2.2.1-1. Proposed MTSU depending on the PRB power step size.

Regarding the reference power level to apply, despite both power reference levels of 11.5dBm and 0dBm would be acceptable in our test system, we observe that 0dBm is some kind of lower limit threshold, beyond that MU can start increasing from the values presented in this document. For that reason, we’d like to propose using 11.5dBm as target higher power level.

[bookmark: _Ref139532984]Proposal 3. Between 0dBm and 11.5dBm as possible values to set as higher target power level, select 11.5dBm.

2.2.2 TT
In the NR EVM test cases, TT is defined using the following formula explicitly captured in FR2 spec [3] but also applicable to FR1 in [2]:
	EVM_meas_Increase = sqrt(Minimum requirement^2 + MTSU^2) - Minimum requirement; it is the increase of measured EVM due to test equipment uncertainty.

EVM_meas_Increase_Relative = EVM_meas_Increase / Minimum requirement [%]

If (EVM_meas_Increase_Relative < 7.5%)
     TT = 0%
Else if (7.5% ≤ EVM_meas_Increase_Relative ≤ 50%)
     TT = EVM_meas_Increase
Else
     Skip the test as not testable.



Hence, considering the core requirement per modulation, the proposed MU per configured PRB power step and the TT formula presented above, next table compiles the proposed TT:
	Modulation
	PRB Power step
	TT

	64QAM
	14dB
	0%

	64QAM
	20dB
	1.46%

	256QAM
	14dB
	0%

	256QAM
	20dB
	1.77%



Table 2.2.1-1. Proposed MTSU depending on the PRB power step size.

Compared to the regular FR1 EVM test, the highest relative EVM increase in this test is smaller (22.1% vs 31.7%), so definitely acceptable. Given there was main interest on testing the higher power step size, it is proposed to do so.
[bookmark: _Ref139532989]Proposal 4. To test EVM transient period applying a PRB power step size of 20dB when available, with a corresponding MTSU of 5.6% and a corresponding TT of 1.46% for 64QAM and 1.77% for 256QAM, up to 100MHz BW and 6GHz frequency range.

3. Conclusion
The following observations and proposals were made in this contribution. 
Observation 1. Testing up to 100MHz BW needs to be considered.
Observation 2. To check EVM in transient periods, required to test only 64QAM and 256QAM permitting higher EVM limit to the UE compared to regular EVM test where transient periods are excluded.
Observation 3. Applying a PRB allocation power change of 20dB will drive into up to 24.5dB transient power step from target power level, taking into account the TPC power control window.
Observation 4. Applying a PRB allocation power change of 14dB will drive into up to 18.5dB transient power step from target power level, taking into account the TPC power control window.
Proposal 1. Consider 11.5dBm as the higher power level to test to avoid influence of MPR. 
Proposal 2. Use TPC power control window to fix UE higher target power rather than using p-Max.
Proposal 3. Between 0dBm and 11.5dBm as possible values to set as higher target power level, select 11.5dBm.
Proposal 4. To test EVM transient period applying a PRB power step size of 20dB when available, with a corresponding MTSU of 5.6% and a corresponding TT of 1.46% for 64QAM and 1.77% for 256QAM, up to 100MHz BW and 6GHz frequency range.
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