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< Unchanged sections omitted >

Annex B (normative): 
Transmit modulation

[bookmark: _Toc518915613]B.1	Measurement Point
Figure B.1-1 shows the measurement point for the unwanted emission falling into non-allocated RB(s) and the EVM for the allocated RB(s).
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Figure B.1-1: EVM measurement points

[bookmark: _Toc518915614]B.2	Basic Error Vector Magnitude measurement
The EVM is the difference between the ideal waveform and the measured waveform for the allocated RB(s)

,
where


 is a set of  modulation symbols with the considered modulation scheme being active within the measurement period,

 are the samples of the signal evaluated for the EVM,

 is the ideal signal reconstructed by the measurement equipment, and


 is the average power of the ideal signal. For normalized modulation symbols  is equal to 1.
The basic EVM measurement interval is defined over one slot in the time domain for PUCCH and PUSCH and over one preamble sequence for the PRACH. 
[bookmark: _Toc518915615]B.3	Basic in-band emissions measurement
The in-band emissions are a measure of the interference falling into the non-allocated resources blocks. The in-band emission requirement is evaluated for PUCCH and PUSCH transmissions. The in-band emission requirement is not evaluated for PRACH transmissions.
The in-band emissions are measured as follows

,
where


 is a set of OFDM symbols with the considered modulation scheme being active within the measurement period, 



 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  or  for the first adjacent RB),


 (resp. ) is the lower (resp. upper) edge of the UL system BW, 


 and  are the lower and upper edge of the allocated BW, and 

 is the frequency domain signal evaluated for in-band emissions as defined in the subsection (ii)
The relative in-band emissions are, given by


where

 is the number of allocated RBs 
The basic in-band emissions measurement interval is defined over one slot in the time domain. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is reduced by one OFDM symbol, accordingly.



In the evaluation of in-band emissions, the timing is set according to , where sample time offsets  and  are defined in subclause B.4.
[bookmark: _Toc518915616]B.4	Modified signal under test
Implicit in the definition of EVM is an assumption that the receiver is able to compensate a number of transmitter impairments. 
The PUSCH data or PRACH signal under test is modified and, in the case of PUSCH data signal, decoded according to:


where

 is the time domain samples of the signal under test.
The PUCCH or PUSCH demodulation reference signal or PUCCH data signal under test is equalised and, in the case of PUCCH data signal decoded according to:


where

 is the time domain samples of the signal under test. 
To minimize the error, the signal under test should be modified with respect to a set of parameters following the procedure explained below.
Notation:

 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal.

 is the RF frequency offset.

 is the phase response of the TX chain.

 is the amplitude response of the TX chain.



In the following  represents the middle sample of the EVM window of length  (defined in the next subsections) or the last sample of the first window half if is even.
The EVM analyser shall


-	detect the start of each slot and estimate  and ,


-	determine  so that the EVM window of length  is centred 
-	on the time interval determined by the measured cyclic prefix minus 16κ samples of the considered OFDM symbol for symbol 0 l for subcarrier spacing configuration µ in a subframe, with l = 0 or l = 7*2^µ for normal CP, i.e. the first 16κ samples of the CP should not be taken into account for this step. In the determination of the number of excluded samples, a sampling rate of TBD 1/Tc ias assumed. If a different sampling rate is used, the number of excluded samples is scaled linearly.
-	on the measured cyclic prefix of the considered OFDM symbol symbol for symbol 1 to 6 for normal CP and for symbolall other symbols for normal CP and for symbol 0 to 5 11 for extended CP. 
-	on the measured preamble cyclic prefix for the PRACH 

To determine the other parameters a sample timing offset equal to  is corrected from the signal under test. The EVM analyser shall then

-	correct the RF frequency offset for each time slot, and
-	apply an FFT of appropriate size. The chosen FFT size shall ensure that in the case of an ideal signal under test, there is no measured inter-subcarrier interference.
The carrier leakage shall be removed from the evaluated signal before calculating the EVM and the in-band emissions; however, the removed relative carrier leakage power also has to satisfy the applicable requirement. 

At this stage the allocated RBs shall be separated from the non-allocated RBs. In the case of PUCCH and PUSCH EVM, the signal on the non-allocated RB(s), , is used to evaluate the in-band emissions. 
Moreover, the following procedure applies only to the signal on the allocated RB(s). 


-	In the case of PUCCH and PUSCH, the UL EVM analyzer shall estimate the TX chain equalizer coefficients and  used by the ZF equalizer for all subcarriers by time averaging at each signal subcarrier of the amplitude and phase of the reference and data symbols. The time-averaging length is 1 slot. This process creates an average amplitude and phase for each signal subcarrier used by the ZF equalizer. The knowledge of data modulation symbols may be required in this step because the determination of symbols by demodulation is not reliable before signal equalization.





-	In the case of PRACH, the UL EVM analyzer shall estimate the TX chain coefficients and  used for phase and amplitude correction and are seleted so as to minimize the resulting EVM. The TX chain coefficients are not dependent on frequency, i.e.  and . The TX chain coefficient are chosen independently for each preamble transmission and for each . 













At this stage estimates of , ,  and  are available.  is one of the extremities of the window , i.e. can be  or , where  if  is odd and  if is even. The EVM analyser shall then


-	calculate EVMl with  set to ,


-	calculate EVMh with  set to .
[bookmark: _Toc518915617]B.5	Window length
[bookmark: _Toc518915618]B.5.1	Timing offset


As a result of using a cyclic prefix, there is a range of, which, at least in the case of perfect Tx signal quality, would give close to minimum error vector magnitude. As a first order approximation, that range should be equal to the length of the cyclic prefix. Any time domain windowing or FIR pulse shaping applied by the transmitter reduces the  range within which the error vector is close to its minimum. 
[bookmark: _Toc518915619]B.5.2	Window length

The window length  affects the measured EVM, and is expressed as a function of the configured cyclic prefix length. In the case where equalization is present, as with frequency domain EVM computation, the effect of FIR is reduced. This is because the equalization can correct most of the linear distortion introduced by the FIR. However, the time domain windowing effect can’t be removed.
[bookmark: _Toc518915620]B.5.3	Window length for normal CP
Contents in this section are FFS.
[bookmark: _Toc518915621]B.5.4	Window length for Extended CP
Contents in this section are FFS.
[bookmark: _Toc518915622]B.5.5	Window length for PRACH
Contents in this section are FFS.
[bookmark: _Toc518915623]B.6	Averaged EVM
The general EVM is averaged over basic EVM measurements for n slots in the time domain.

,
where n is 
n = TBD

for PUCCH, PUSCH.
The EVM requirements shall be tested against the maximum of the RMS average at the window W extremities of the EVM measurements:




Thus  is calculated using in the expressions above and is calculated using .
Thus we get:




The calculation of the EVM for the demodulation reference signal, , follows the same procedure as calculating the general EVM, with the exception that the modulation symbol set  defined in clause B.2 is restricted to symbols containing uplink demodulation reference signals. 


The basic  measurements are first averaged over n slots in the time domain to obtain an intermediate average . 







In the determination of each [image: ], the timing is set to  if , and it is set to  otherwise, where  and  are the general average EVM values calculated in the same n slots over which the intermediate average  is calculated. Note that in some cases, the general average EVM may be calculated only for the purpose of timing selection for the demodulation reference signal EVM.

Then the results are further averaged to get the EVM for the demodulation reference signal, ,



The PRACH EVM, , is averaged over TBD preamble sequence measurements for all preamble formats.
The EVM requirements shall be tested against the maximum of the RMS average at the window W extremities of the EVM measurements:




Thus  is calculated using  and is calculated using .
Thus we get:


[bookmark: _Toc518915624]B.7	Spectrum Flatness
The data shall be taken from FFT coded data symbols and the demodulation reference symbols of the allocated resource block.
< End of changes >
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