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Introduction
Transient period capability has been discussed in RAN4 for the last few meetings. In this last meeting, it was shown that the actual ramp time itself can be quite small of the order of less than 2 usec [1]. During the discussions it was pointed out by some companies that apart form the ramp there could be residual settling which could degrade the signal quality. 
Hence, there were requests from some companies to show how to measure transient period and how to verify that signal quality outside of this transient period is good. This request has been captured in [2]. In this paper we address the same. 
 
Discussion
In [1], it was shown that the ramp time itself could be quite small, for example less than 2 usec. In this paper we look at the signal quality by customizing a window size for EVM measurement. This emulates implementation of a transient period capability. 
Unfortunately, due to the limitations of the call box, the options to verify were limited. But a power control pattern was used to enforce periodic PA gain change and EVM was measured on a per symbol level. EVM was measured without any exclusion period, with default exclusion period and with a customized exclusion window length. A custom exclusion window size for of 1, 2 and 2.5 usec were used to see where the EVM gets better for that symbol. This methodology was used for all modulations to check if the process works for all. LTE waveform with 100 RBs and 20 MHz channel BW in B1 were used for EVM measurement. 
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Figure1: Per symbol EVM for QPSK modulation, 100 RB, 20 MHz BW for B1, 1950 MHz without exclusion
In figure 1, EVM was measured for QPSK waveform without including exclusion period and the EVM of the first symbol is quite significant degraded. The same experiment was then repeated with the default exclusion period and the EVM on the rest of the symbol is quite good as shown in figure 2 below. 
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Figure2: Per symbol EVM for QPSK modulation, 100 RB, 20 MHz BW for B1, 1950 MHz with default exclusion
Next the same experiment was repeated with different sizes of exclusion periods and was found that less than 2 usec exclusion is enough to achieve an improve EVM. Figure 3 shows the per symbol EVM with 2 usec of exclusion period. In figure 11, EVM for QPSK with 1 usec exclusion period is also shown. From figure 11, though the EVM improves w.r.t. no exclusion period but is still worse than that with the exclusion period of 2 usec. 
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Figure3: Per symbol EVM for QPSK modulation, 100 RB, 20 MHz BW for B1, 1950 MHz with 2usec exclusion
PA gain change in the opposite direction:
The same experiment was repeated with the PA gain change in the other direction and below figures 4-6 capture the same. 
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Figure4: Per symbol EVM for QPSK modulation, 100 RB, 20 MHz BW for B1, 1950 MHz without exclusion
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Figure5: Per symbol EVM for QPSK, 100 RB, 20 MHz BW for B1, 1950 MHz with default exclusion
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Figure6: Per symbol EVM for QPSK modulation, 100 RB, 20 MHz BW for B1, 1950 MHz with 2usec exclusion
EVM with 256 QAM modulation:
Further, we also did measurements with other modulations and found that 2 usec of exclusion period is sufficient to get good EVM on the symbol with transient period. Figures 7-10 show the EVM for 256 QAM with and without exclusion periods. Exclusion period of 2 usec was used in figures 8 and 10. 
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Figure7: Per symbol EVM for 256 modulation, 100 RB, 20 MHz BW for B1, 1950 MHz without exclusion
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Figure8: Per symbol EVM for 256 modulation, 100 RB, 20 MHz BW for B1, 1950 MHz with 2 usec exclusion

EVM for PA gain change in the other direction:
The same were measured with the PA going the other direction which are shown below. Figure 9 shows the EVM with no exclusion period while figure 10 shows the EVM with 2 usec of exclusion period. 
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Figure9: Per symbol EVM for 256 modulation, 100 RB, 20 MHz BW for B1, 1950 MHz without exclusion
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Figure10: Per symbol EVM for 256 modulation, 100 RB, 20 MHz BW for B1, 1950 MHz with 2 usec exclusion
Finally, the figure 11 below shows the EVM with 1 usec exclusion period for QPSK waveform, just to show that EVM is still better than with no exclusion but worse than with an exclusion period of 2 usec. 
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Figure11: Per symbol EVM for QPSK waveform, 100 RB, 20 MHz BW for B1, 1950 MHz with 1 usec exclusion
Observations: 
1. A method of measurement to test for EVM excluding the transient period has been shown to work across all modulations. 
2. A periodic power control pattern was shown to make these measurements consistently
3. A measurement metric for determining transient period has been shown 
4. All the measurements shown in this paper are on existing platforms in the market today and further improvements are ongoing for future products. 
5. 
Proposal: Introduce transient period capability to allow the UE to report its transient period for ON to ON cases for power change and frequency hopping.
[bookmark: _GoBack]Potential definition for transient period: The definition of the transient period could use EVM as a metric as shown above and define it as EVM has been defined in LTE specification (excluding transient period). 

Conclusion
This paper has addressed the ability to measure, applicability of the test over different modulation schemes, and a potential test procedure to verify the capability. 
In [1], it has been shown that the ramp time itself can be less than 2 usec in the current implementations. 
With this, all the concerns brought up in RAN4 have now been addressed and we believe it’s now time to introduce the capability. 
Proposal: Introduce transient period capability to allow the UE to report its transient period for ON to ON cases for power change and frequency hopping. 
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