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1. Introduction 

At RAN4 #51, CR R4-0919874 “EVM Exclusion period” [2] was approved, which describes UL EVM measurements in symbols impacted by power transitions. This contribution gives a few examples for information purposes to how the EVM measurement can be applied. 
2. Discussion
The EVM measurement procedure [1] defines the following.

--------------------------------------------------------------------------------------------------
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 IQ origin offset 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 is one slot for the PUCCH and PUSCH in the time domain.. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the EVM measurement interval is reduced by one symbol, accordingly.  The PUSCH or PUCCH EVM measurement interval is also reduced when the mean power between slots 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.
--------------------------------------------------------------------------------------------------
The described procedure requires a simple mapping to be established in the EVM analysis to exclude the appropriate samples. In the following, we give examples for this procedure. 

2.1.  Example mapping 
We will use the following assumptions in the example:

· 10MHz UL BW, 50RBs

· Normal cyclic prefix

· Full (50) RB allocation or 1RB allocation
· FFT size of 2048 in the EVM analyzer

With these, the mapping is shown in the Tables below, organized as:
· Table 1:  50RB allocation, first SCFDM symbol in UL slot

· Table 2:  50RB allocation, second SCFDM symbol in UL slot

· Table 3:  1RB allocation, first SCFDM symbol in UL slot

· Table 4:  1RB allocation, second SCFDM symbol in UL slot
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(RBs)
	SCFDM Symbol index
	CP (samples)
	Exclusion period
	Exclusion period (samples)
	Window placement
	Samples to FFT
	FFT samples excluded
	FFT samples included
	DFT output samples used 

	50
	0
	0…159
	none
	[ ]
	Early
	23 … 2070
	[ ]
	23 … 2070
	0 … 599

	
	
	
	
	
	Late
	154 … 2201
	[ ]
	154 … 2201
	0 … 599

	
	
	
	First 20 μs
	0 … 614
	Early
	23 … 2070
	23 … 614
	615 … 2070
	156 … 537


	
	
	
	
	
	Late
	154 … 2201
	154 … 614
	615 … 2201
	156 … 575

	
	
	
	Last 20 μs
	1593 … 2207
	Early
	23 … 2070
	1593 … 2070
	23 … 1592
	0 … 397 and       540 … 599


	
	
	
	
	
	Late
	154 … 2201
	1593 … 2201
	154 … 1592
	21 … 397


Table 1   Output samples to be used in EVM averaging, 50RBs, first SCFDM symbol in UL slot
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(RBs)
	SCFDM Symbol index
	CP (samples)
	Exclusion period
	Exclusion period (samples)
	Window placement
	Samples to FFT
	FFT samples excluded
	FFT samples included
	DFT output samples used 

	50
	0
	0…143
	none
	[ ]
	Early
	7 … 2054
	[ ]
	7 … 2054
	0 … 599

	
	
	
	
	
	Late
	138 … 2185
	[ ]
	138 … 2185
	0 … 599

	
	
	
	First 20 μs
	0 … 614
	Early
	7 … 2054
	7 … 614
	615 … 2054
	161 … 537

	
	
	
	
	
	Late
	138 … 2185
	138 … 614
	615 … 2185
	161 … 575

	
	
	
	Last 20 μs
	1577 … 2191
	Early
	7 … 2054
	1577 … 2054
	7 … 1576
	0…397 and       540 … 599

	
	
	
	
	
	Late
	138 … 2185
	1577 … 2185
	138 … 1576
	21 … 397


Table 2   Output samples to be used in EVM averaging, 50RBs, second SCFDM symbol in UL slot
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(RBs)
	SCFDM Symbol index
	CP (samples)
	Exclusion period
	Exclusion period (samples)
	Window placement
	Samples to FFT
	FFT samples excluded
	FFT samples included
	DFT output samples used 

	1
	0
	0…159
	none
	[ ]
	Early
	23 … 2070
	[ ]
	23 … 2070
	0 … 11

	
	
	
	
	
	Late
	154 … 2201
	[ ]
	154 … 2201
	0 … 11

	
	
	
	First 20 μs
	0 … 614
	Early
	23 … 2070
	23 … 614
	615 … 2070
	4 … 10

	
	
	
	
	
	Late
	154 … 2201
	154 … 614
	615 … 2201
	4 … 11

	
	
	
	Last 20 μs
	1593 … 2207
	Early
	23 … 2070
	1593 … 2070
	23 … 1592
	0 … 7

	
	
	
	
	
	Late
	154 … 2201
	1593 … 2201
	154 … 1592
	1 … 7


Table 3  Output samples to be used in EVM averaging, 1RB, first SCFDM symbol in UL slot
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(RBs)
	SCFDM Symbol index
	CP (samples)
	Exclusion period
	Exclusion period (samples)
	Window placement
	Samples to FFT
	FFT samples excluded
	FFT samples included
	DFT output samples used 

	50
	0
	0…143
	none
	[ ]
	Early
	7 … 2054
	[ ]
	7 … 2054
	0 … 11

	
	
	
	
	
	Late
	138 … 2185
	[ ]
	138 … 2185
	0 … 11

	
	
	
	First 20 μs
	0 … 614
	Early
	7 … 2054
	7 … 614
	615 … 2054
	4 … 10

	
	
	
	
	
	Late
	138 … 2185
	138 … 614
	615 … 2185
	4 … 11

	
	
	
	Last 20 μs
	1577 … 2191
	Early
	7 … 2054
	1577 … 2054
	7 … 1576
	0 … 7

	
	
	
	
	
	Late
	138 … 2185
	1577 … 2185
	138 … 1576
	1 … 7


Table 4  Output samples to be used in EVM averaging, 1RB, second SCFDM symbol in UL slot

Note that in the calculation of the sample indices, the 5 μs guard time specified in [1], which is applied in addition to the exclusion period, was placed symmetrically around the exclusion period as two 2.5 μs half guard time periods. 
3. Conclusions

Examples were shown for applying the power transient exclusion period in the EVM calculation.  If the details are agreed, an applicable procedure could be described in the RAN5 specification if that seems beneficial.     
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� These values were calculated as � EMBED Equation.3  ���    and   � EMBED Equation.3  ���  where  � EMBED Equation.3  ��� is the CP length,  � EMBED Equation.3  ��� is the number of tones per RB, � EMBED Equation.3  ��� and 77 samples is the equivalent of 2.5 μs guard time


� There are two segments, 0…397  and  540….599; however with cyclic wrap-around this becomes a single contiguous segment
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