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Introduction
In [1], captures of power ramp up and down were shown to show that the actual ramp time can be quite short (of the order of <2 usec on current devices in the market). In [2], EVM data was used to show that on a symbol with power change when the first 2 usec of transient period is excluded from the EVM evaluation window, EVM on the rest of the symbol is similar to the EVM of a symbol without power change. 
In the last meeting, the following was the agreement: 
WF: For Transient period capability for power change and RB hopping for ON-ON cases, at least study the following aspects. The capability is not from Rel15
1. Band and band combination dependency
2. The test procedure using EVM as a metric and the possible options for the duration for capability

 In this paper, we discuss and propose the test procedure and possible options for the duration. 
Discussion
Test procedure
The test for EVM for NR is defined as shown below: 
[bookmark: _Toc535317239]6.4.2.1	Error Vector Magnitude
The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM.
The measured waveform is further equalised using the channel estimates subjected to the EVM equaliser spectrum flatness requirement specified in sub-clause 6.4.2.4. For DFT-s-OFDM waveforms, the EVM result is defined after the front-end FFT and IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. For CP-OFDM waveforms, the EVM result is defined after the front-end FFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %.
The basic EVM measurement interval in the time domain is one preamble sequence for the PRACH and the duration of PUCCH/PUSCH channel, or one hop, if frequency hopping is enabled for PUCCH and PUSCH in the time domain. The EVM measurement interval is reduced by any symbols that contains an allowable power transient as defined in subclause 6.3.3.
The RMS average of the basic EVM measurements for 10 sub-frames excluding any transient period for the average EVM case, and 60 sub-frames excluding any transient period for the reference signal EVM case, for the different modulations schemes shall not exceed the values specified in Table 6.4.2.1-1 for the parameters defined in Table 6.4.2.1-2. For EVM evaluation purposes, all PRACH preamble formats 0-4 and all PUCCH formats 1, 1a, 1b, 2, 2a and 2b are considered to have the same EVM requirement as QPSK modulated.

Observation 1: In the EVM definition for NR, as stated in the highlighted text above, any symbol with a transient period is excluded from EVM measurement. 
On the contrary, the EVM definition for LTE has been defined as shown below: 
[bookmark: _Toc368026278]6.5.2.1		Error Vector Magnitude
The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM.
The measured waveform is further modified by selecting the absolute phase and absolute amplitude of the Tx chain. The EVM result is defined after the front-end IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %.
The basic EVM measurement interval in the time domain is one preamble sequence for the PRACH, and as specified in Table 6.5.2.1-1 for the PUCCH and PUSCH in the time domain. When the PUSCH or PUCCH transmission slot or subslot is shortened due to multiplexing with SRS, the EVM measurement interval is reduced by one symbol, accordingly. Likewise, when the PUSCH starting position is modified or when second last symbol is the ending symbol of the PUSCH subframe for Frame Structure Type 3, the EVM measurement interval is reduced accordingly. The PUSCH or PUCCH EVM measurement interval is also reduced when the mean power, modulation or allocation between slots or subslots is expected to change. In the case of PUSCH transmission, the measurement interval is reduced by a time interval equal to the sum of 5 μs and the applicable exclusion period defined in subclause 6.3.4, adjacent to the boundary where the power change is expected to occur. The PUSCH exclusion period is applied to the signal obtained after the front-end IDFT. In the case of PUCCH transmission with power change, the PUCCH EVM measurement interval is reduced by one symbol adjacent to the boundary where the power change is expected to occur.

Table 6.5.2.1-1: Measurement interval for EVM
	TTI pattern
	Measurement interval

	Subframe
	7OS

	Slot
	7OS

	Subslot
	2OS, 3OS



[bookmark: _Toc368026279]6.5.2.1.1	Minimum requirement
The RMS average of the basic EVM measurements for 10 subframes excluding any transient period for the average EVM case, and 60 subframes excluding any transient period for the reference signal EVM case, for the different modulations schemes shall not exceed the values specified in Table 6.5.2.1.1-1 for the parameters defined in Table 6.5.2.1.1-2. For EVM evaluation purposes, [all PRACH preamble formats 0-4 and] all PUCCH formats 1, 1a, 1b, 2, 2a and 2b are considered to have the same EVM requirement as QPSK modulated.

Observation 2: In the EVM definition, as stated in the highlighted text for LTE, the symbol with the transient period is also included in the average EVM measurement but the measurement window excludes the transient period allowed. 
Proposal 1: To test transient period capability, EVM definition for NR to follow a similar definition as that of LTE and include the symbol with the transient period while reducing the measurement duration by the signaled transient period capability for DFT-spread OFDM signal. 
Proposal 2: DFT-spread OFDM signal to be chosen for testing transient period capability feature. 
Observation 3: In both NR and LTE EVM definition, the average measurement interval for EVM has been specified as 10 subframes. 
Proposal 3: An average duration of 10 subframes should be used for testing transient period capability as well just like current EVM spec for NR and LTE. 
As shown in [2], a periodic power change is needed to be triggered so that EVM on a symbol with power change can be included in the testing. The step for power change and the power level at which this is measured could be discussed further. However, one must keep in mind that a very large power step might put the signal out of the dynamic range of the test box and unintended artifacts of testing could distort the test results. Hence, a reasonable power step needs to be chosen. Similarly, the power at which this test is performed should also be discussed. 
Proposal 4: A periodic power step test pattern be chosen and implemented, with a reasonable power step, to make this test capture a reasonable number of power changes in one set of 10 subframe average. The power step, frequency of power change and the power at which the test is verified are to be discussed further. 
For example, the power step could be less than 20 dB and the range of power at which UE is tested is limited between +20 and -20 dBm. 
The figure below gives an illustration of the test procedure and shows the limits between which the test is performed are stated.

Power range to test for capability: example from +20 dBm to -20 dBm

Z dBm


Y dB


X msec



In the above figure, X is the periodicity with which the power change occurs, Y is the power step and Z is the power level at which the test is performed. For example, (X, Y, Z) could be (1msec, 20 dB, a value between +20 and 0 dBm) respectively.

Possible options for transient period capability
In the past few meetings, there were different proposals for the values of the capability. In our opinion, a few discrete values need to be selected and it might be reasonable to choose relative to CP duration. 
For FR1, 60 kHz SCS has the smallest CP duration of approximately 1 usec. SCS of 30 kHz and 15 kHz have a CP duration of approximately 2.5 usec and 5 usec respectively.
Proposal 5: The options for Transient period capability to choose from are: 1 usec, 2 usec, 4 usec or 10 usec. Two bits are needed to represent these options. 
Proposal 6: This capability should be defined per band.
[bookmark: _GoBack]
Conclusion
In this paper, handling of symbols with transient periods in the current specs for EVM for LTE and NR are reviewed in observations 1-3. And then using proposals 1-4 a test procedure for testing EVM with transient period capability has been proposed. Also, the potential values for the transient period capability have been proposed in proposal 5. Lastly, proposal 6 defines the band dependency of this capability. 
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