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*** START CHANGE ***
6.4.2	Transmit modulation quality
6.4.2.0	General
Transmit modulation quality defines the modulation quality for expected in-channel RF transmissions from the UE. The transmit modulation quality is specified in terms of:
-	Error Vector Magnitude (EVM) for the allocated resource blocks (RBs)
-	EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process
-	Carrier leakage
-	In-band emissions for the non-allocated RB
All the parameters defined in clause 6.4.2 are defined using the measurement methodology specified in Annex F.
[bookmark: _Toc21344329][bookmark: _Toc29801815][bookmark: _Toc29802239][bookmark: _Toc29802864][bookmark: _Toc36107606][bookmark: _Toc37251372][bookmark: _Toc45888236][bookmark: _Toc45888835]In case the parameter 3300 or 3301 is reported from UE via the parameter txDirectCurrentLocation in UplinkTxDirectCurrentList IE (as defined in TS 38.331 [7]), carrier leakage measurement requirement in clause 6.4.2.2 and 6.4.2.3 shall be waived, and the RF correction with regard to the carrier leakage and IQ image shall be omitted during the calculation of transmit modulation quality.
[bookmark: _Toc61367513][bookmark: _Toc61372896][bookmark: _Toc68230843][bookmark: _Toc69084256][bookmark: _Toc75467266][bookmark: _Toc76509288][bookmark: _Toc76718278][bookmark: _Toc83580609][bookmark: _Toc84405118][bookmark: _Toc84413727]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 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 one slotfor PUCCH and PUSCH in the time domain. The EVM measurement interval is reduced by any symbols that contains an allowable power transient in the measurement interval, as defined in clause 6.3.3.
The RMS average of the basic EVM measurements over 10 subframes for the average EVM case, and over 60 subframes for the reference signal EVM case, for the different modulation 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 13 PRACH preamble formats and all 5 PUCCH formats are considered to have the same EVM requirement as QPSK modulated..
Table 6.4.2.1-1: Requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level

	Pi/2-BPSK 
	%
	30

	QPSK
	%
	17.5

	16 QAM 
	%
	12.5

	64 QAM 
	%
	8

	256 QAM
	%
	3.5



Table 6.4.2.1-2: Parameters for Error Vector Magnitude
	
Parameter
	Unit
	Level

	UE Output Power
	dBm
	 Table 6.3.1-1 

	UE Output Power for 256 QAM
	dBm
	 Table 6.3.1-1 + 10 dB

	Operating conditions
	
	Normal conditions



[bookmark: _Toc68230844][bookmark: _Toc69084257][bookmark: _Toc75467267][bookmark: _Toc76509289][bookmark: _Toc76718279][bookmark: _Toc83580610][bookmark: _Toc84405119][bookmark: _Toc84413728]6.4.2.1a	Error Vector Magnitude including symbols with transient period
In 6.4.2.1, EVM has been defined by excluding the symbols which have a transient period. In this section, measurement interval is defined for the symbols with a transient period to include these symbols in the RMS average EVM computation when the UE reports a transient period capability other than the default. Before calculating the EVM, the measured waveform is corrected for sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM. The symbols with transient period should not be used for equalization. Only CP-OFDM waveform is used for conformance testing.”
[bookmark: _Hlk37237311]In the case of PUSCH or PUCCH transmissions when the mean power, modulation or RB allocation across slot or subslot boundaries is expected to change the EVM result over the symbols where the transient occurs is calculated according to Table 6.4.2.1a-1.
[bookmark: _Hlk37255905]Table 6.4.2.1a-1: EVM definition for reported transient period
	Reported transient capability (us)
	EVM definition
	tpstart (µs)
	SCS4

	2
	

	[-0.5]
	15kHz or 30kHz5


	4
	

	[-1]
	15kHz


	7
	

	[-2]
	15kHz


	NOTE 1:    ,,and  are defined in Annex F
NOTE 2:    is the EVM for a symbol right after a transition;  is the EVM for a symbol right before a transition
NOTE 3: tpstart denotes the start position of the EVM exclusion window as shown in Annex F.4
NOTE 4: SCS denotes the SCS that can be used in the conformance test
NOTE 5: 30kHz shall be used in the conformance test unless the UE signals in supportedSubCarrierSpacingUL in FeatureSetPerCC that it only supports 15kHz in the corresponding band



The RMS average of the basic EVM measurements over [108] subframes for the symbols where the transient occurs for the different modulation schemes shall not exceed the values  specified in Table 6.4.2.1a-2 for the parameters defined in Table 6.4.2.1a-3.  This requirement can be verified with 64 QAM and 256 QAM modulation.
[bookmark: _Hlk37260337]Table 6.4.2.1a-2: Requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level

	64 QAM 
	%
	[10]

	256 QAM
	%
	[8]



Table 6.4.2.1a-3: Parameters for Error Vector Magnitude
	
Parameter
	Unit
	Level

	UE Output Power
	dBm
	 Table 6.3.1-1 

	UE Output Power for 256 QAM
	dBm
	 Table 6.3.1-1 + 10 dB

	Operating conditions
	
	Normal conditions



6.4.2.1b	Error Vector Magnitude for [DMRS bundling]
EVM for [DMRS bundling] is calculated with a basic measurement interval defined by the UE’s capability [nSlotsBundledPUSCH]. Unless otherwise specified, the measurement conditions of 6.4.2.1 apply.
The RMS average of the basic EVM measurements over [all applicable symbols in] 10 [bundles] for the different modulation schemes shall not exceed the values specified in Table 6.4.2.1b-1 for the parameters defined in Table 6.4.2.1-2. 
Table 6.4.2.1b-1: Requirements for Error Vector Magnitude for [DMRS bundling]
	
Parameter
	Unit
	Average EVM Level by number of slots [bundled together]:

	
	
	2
	4
	8

	Pi/2-BPSK 
	%
	30
	?
	?

	QPSK
	%
	17.5
	
	

	16 QAM 
	%
	12.5
	
	

	64 QAM 
	%
	8
	
	

	256 QAM
	%
	3.5
	
	


<Editors note, check w ran1 about other modualtions>

[bookmark: _Toc21344330][bookmark: _Toc29801816][bookmark: _Toc29802240][bookmark: _Toc29802865][bookmark: _Toc36107607][bookmark: _Toc37251373][bookmark: _Toc45888237][bookmark: _Toc45888836][bookmark: _Toc61367514][bookmark: _Toc61372897][bookmark: _Toc68230845][bookmark: _Toc69084258][bookmark: _Toc75467268][bookmark: _Toc76509290][bookmark: _Toc76718280][bookmark: _Toc83580611][bookmark: _Toc84405120][bookmark: _Toc84413729][bookmark: _Hlk497415844]6.4.2.2	Carrier leakage
Carrier leakage ……. (no changes for the rest of 6.4.2)

*** END CHANGE ***


*** START CHANGE ***
[bookmark: _Toc21344578][bookmark: _Toc29802066][bookmark: _Toc29802490][bookmark: _Toc29803115][bookmark: _Toc36107857][bookmark: _Toc37251631][bookmark: _Toc45888570][bookmark: _Toc45889169][bookmark: _Toc61367917][bookmark: _Toc61373300][bookmark: _Toc68231250][bookmark: _Toc69084663][bookmark: _Toc75467676][bookmark: _Toc76509698][bookmark: _Toc76718688][bookmark: _Toc83581035][bookmark: _Toc84405544][bookmark: _Toc84414153]F.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 DFT-s-OFDM modulated signals or PRACH signal under test is modified and, in the case of DFT-s-OFDM modulated signals, decoded according to:


where

 is the time domain samples of the signal under test.
The CP-OFDM modulated signals or PUSCH demodulation reference signal or PUCCH data signal under test is equalised and, in the case of CP-OFDM modulated signals 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 clauses) 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 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 1/Tc is 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 all other symbols for normal CP and for symbol 0 to 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, or over an averaging length defined by UE capability [nSlotsBundledPUSCH] for [DMRS bundling] 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. For [DMRS bundling], the time averaging length is per UE capability [nSlotsBundledPUSCH]. 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 .
For the EVM calculation on the symbols with a transient period when the UE signals a transient period capability (tp) of 2, 4 or 7usec,  is is given below.
-	calculate EVMl_tp with  set to, where is 1/Tc the sampling rate
-	calculate EVMh_tp with  set to, where 1/Tc is the sampling rate and the CP is the cyclic prefix of the symbol on which EVM is calculated(e.g. long CP for the first symbol of the slot) in seconds
A pictorial representation of the EVM measurement windows is given in Figure F.4-1.


Figure F.4-1 EVM measruement window

*** END CHANGE ***


*** START CHANGE ***

*** END CHANGE ***
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