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< Start of the changes >
[bookmark: _Toc53185637][bookmark: _Toc53186013]Annex B (informativenormative):
[bookmark: _Toc53185638][bookmark: _Toc53186014]IAB-DU Error Vector Magnitude (FR1)
The Annex B in in TS 38.104 [2] applyies to FR1 IAB-DU.
[bookmark: _Toc53185639][bookmark: _Toc53186015]Annex C (normative): 
IAB-DU Error Vector Magnitude (FR2)
The Annex C in in TS 38.104 [2] applyies to FR2 IAB-DU.
[bookmark: _Toc53185640][bookmark: _Toc53186016]Annex D (normative):
[bookmark: _Toc53185641][bookmark: _Toc53186017]IAB-MT Error Vector Magnitude (FR1)
Void
D.1	Measurement Point
Figure D.1-1 shows the measurement point for the EVM for the allocated RB(s).
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Figure D.1-1: EVM measurement points
[bookmark: _Toc21343226][bookmark: _Toc29770192][bookmark: _Toc29799691][bookmark: _Toc37254915][bookmark: _Toc37255558][bookmark: _Toc45887583][bookmark: _Toc53172320]D.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.
[bookmark: _Toc21343228][bookmark: _Toc29770194][bookmark: _Toc29799693][bookmark: _Toc37254917][bookmark: _Toc37255560][bookmark: _Toc45887585][bookmark: _Toc53172322]D.3	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 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 for all other symbols for normal CP and for symbol 0 to 11 for extended CP.

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 following procedure applies only to the signal on the allocated RB(s).


-	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.













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: _Toc21343229][bookmark: _Toc29770195][bookmark: _Toc29799694][bookmark: _Toc37254918][bookmark: _Toc37255561][bookmark: _Toc45887586][bookmark: _Toc53172323]D.4	Window length
[bookmark: _Toc21343230][bookmark: _Toc29770196][bookmark: _Toc29799695][bookmark: _Toc37254919][bookmark: _Toc37255562][bookmark: _Toc45887587][bookmark: _Toc53172324]D.4.1	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: _Toc21343231][bookmark: _Toc29770197][bookmark: _Toc29799696][bookmark: _Toc37254920][bookmark: _Toc37255563][bookmark: _Toc45887588][bookmark: _Toc53172325]D.4.2	Window length
The window length W 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: _Toc21343232][bookmark: _Toc29770198][bookmark: _Toc29799697][bookmark: _Toc37254921][bookmark: _Toc37255564][bookmark: _Toc45887589][bookmark: _Toc53172326]D.4.3	Window length for normal CP
Table D.4.3-1, D.4.3-2, D.4.3-3 below specify the EVM window length (W) for normal CP.
Table D.4.3-1: EVM window length for normal CP for NR, FR1, 15 kHz SCS
	Channel
Bandwidth (MHz)
	FFT size
	Cyclic prefix length for symbols 1‑6 and 8-13 in FFT samples
	EVM window length W
	Ratio of W to total CP length for symbols 1‑6 and 8-131 (%)

	10
	1024
	72
	36
	50

	15
	1536
	108
	54
	50

	20
	2048
	144
	72
	50

	25
	2048
	144
	72
	50

	30
	3072
	216
	108
	50

	40
	4096
	288
	144
	50

	50
	4096
	288
	144
	50

	NOTE 1:	These percentages are informative and apply to a slot's symbols 1 to 6 and 8 to 13. Symbols 0 and 7 have a longer CP and therefore a lower percentage.



Table D.4.3-2: EVM window length for normal CP for NR, FR1, 30 kHz SCS
	Channel
Bandwidth (MHz)
	FFT size
	Cyclic prefix length for symbols 1‑13 in FFT samples
	EVM window length W
	Ratio of W to total CP length for symbols 1‑131 (%)

	10
	512
	36
	18
	50

	15
	768
	54
	27
	50

	20
	1024
	72
	36
	50

	25
	1024
	72
	36
	50

	30
	1536
	108
	54
	50

	40
	2048
	144
	72
	50

	50
	2048
	144
	72
	50

	60
	3072
	216
	108
	50

	70
	3072
	216
	108
	50

	80
	4096
	288
	144
	50

	90
	4096
	288
	144
	50

	100
	4096
	288
	144
	50

	NOTE 1:	These percentages are informative and apply to a slot's symbols 1 through 13. Symbol 0 has a longer CP and therefore a lower percentage.



Table D.4.3-3: EVM window length for normal CP for NR (60 kHz SCS)
	Channel
Bandwidth (MHz)
	FFT size
	Cyclic prefix length for symbols in FFT samples
	EVM window length W
	Ratio of W to total CP length1 (%)

	10
	256
	18
	9
	50

	15
	384
	27
	14
	50

	20
	512
	36
	18
	50

	25
	512
	36
	18
	50

	30
	768
	54
	27
	50

	40
	1024
	72
	36
	50

	50
	1024
	72
	36
	50

	60
	1536
	108
	54
	50

	70
	1536
	108
	54
	50

	80
	2048
	144
	72
	50

	90
	2048
	144
	72
	50

	100
	2048
	144
	72
	50

	NOTE 1:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 2. Symbol 0 of slot 0 and slot 2 may have a longer CP and therefore a lower percentage.



[bookmark: _Toc21343233][bookmark: _Toc29770199][bookmark: _Toc29799698][bookmark: _Toc37254922][bookmark: _Toc37255565][bookmark: _Toc45887590][bookmark: _Toc53172327]D.4.4	Window length for Extended CP
Table D.4.4-1 below specifies the EVM window length (W) for extended CP. The number of CP samples excluded from the EVM window is the same as for normal CP length.
Table D.4.4-1: EVM window length for extended CP for NR, FR1, 60 kHz SCS
	Channel
Bandwidth (MHz)
	FFT size
	Cyclic prefix length in FFT samples
	EVM window length W
	Ratio of W to total CP length1 (%)

	10
	256
	64
	54
	84.4 

	15
	384
	96
	80
	83.3 

	20
	512
	128
	106
	82.8 

	25
	512
	128
	110
	85.9 

	30
	768
	192
	164
	85.4 

	40
	1024
	256
	220
	85.9 

	50
	1024
	256
	220
	85.9 

	60
	1536
	384
	330
	85.9 

	70
	1536
	384
	330
	85.9 

	80
	2048
	512
	440
	85.9 

	90
	2048
	512
	440
	85.9 

	100
	2048
	512
	440
	85.9 

	NOTE 1:	These percentages are informative.



[bookmark: _Toc21343235][bookmark: _Toc29770201][bookmark: _Toc29799700][bookmark: _Toc37254924][bookmark: _Toc37255567][bookmark: _Toc45887592][bookmark: _Toc53172329]D.5	Averaged EVM
The general EVM is averaged over basic EVM measurements for n slots in the time domain.

,
where n is


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:



[bookmark: _Toc53185642][bookmark: _Toc53186018]Annex E (normative):
[bookmark: _Toc53185643][bookmark: _Toc53186019]IAB-MT Error Vector Magnitude (FR2)
Void

[bookmark: _Toc53173727][bookmark: _Toc53173358][bookmark: _Toc52197635][bookmark: _Toc52196655][bookmark: _Toc45889975][bookmark: _Toc37324450][bookmark: _Toc37323044][bookmark: _Toc37254186][bookmark: _Toc36469769][bookmark: _Toc36456671][bookmark: _Toc29805462][bookmark: _Toc21341014]E.1	Measurement Point
Figure E.1-1 shows the measurement point for the EVM for the allocated RB(s).DFT
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Figure E.1-1: EVM measurement pointsIFFT
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[bookmark: _Toc53173728][bookmark: _Toc53173359][bookmark: _Toc52197636][bookmark: _Toc52196656][bookmark: _Toc45889976][bookmark: _Toc37324451][bookmark: _Toc37323045][bookmark: _Toc37254187][bookmark: _Toc36469770][bookmark: _Toc36456672][bookmark: _Toc29805463][bookmark: _Toc21341015]E.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.
[bookmark: _Toc53173730][bookmark: _Toc53173361][bookmark: _Toc52197638][bookmark: _Toc52196658][bookmark: _Toc45889978][bookmark: _Toc37324453][bookmark: _Toc37323047][bookmark: _Toc37254189][bookmark: _Toc36469772][bookmark: _Toc36456674][bookmark: _Toc29805465][bookmark: _Toc21341017]E.3	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 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 under test is equalised and 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, 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 following procedure applies only to the signal on the allocated RB(s).


-	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.













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: _Toc53173731][bookmark: _Toc53173362][bookmark: _Toc52197639][bookmark: _Toc52196659][bookmark: _Toc45889979][bookmark: _Toc37324454][bookmark: _Toc37323048][bookmark: _Toc37254190][bookmark: _Toc36469773][bookmark: _Toc36456675][bookmark: _Toc29805466][bookmark: _Toc21341018]E.4	Window length
[bookmark: _Toc53173732][bookmark: _Toc53173363][bookmark: _Toc52197640][bookmark: _Toc52196660][bookmark: _Toc45889980][bookmark: _Toc37324455][bookmark: _Toc37323049][bookmark: _Toc37254191][bookmark: _Toc36469774][bookmark: _Toc36456676][bookmark: _Toc29805467][bookmark: _Toc21341019]E.4.1	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: _Toc53173733][bookmark: _Toc53173364][bookmark: _Toc52197641][bookmark: _Toc52196661][bookmark: _Toc45889981][bookmark: _Toc37324456][bookmark: _Toc37323050][bookmark: _Toc37254192][bookmark: _Toc36469775][bookmark: _Toc36456677][bookmark: _Toc29805468][bookmark: _Toc21341020]E.4.2	Window length
The window length W 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: _Toc53173734][bookmark: _Toc53173365][bookmark: _Toc52197642][bookmark: _Toc52196662][bookmark: _Toc45889982][bookmark: _Toc37324457][bookmark: _Toc37323051][bookmark: _Toc37254193][bookmark: _Toc36469776][bookmark: _Toc36456678][bookmark: _Toc29805469][bookmark: _Toc21341021]E.4.3	Window length for normal CP
Table E.4.3-1 and Table E.4.3-2 below specify the EVM window length (W) for normal CP for FR2.
Table E.4.3-1: EVM window length for normal CP for 60 kHz SCS
	Channel Bandwidth (MHz)
	FFT size
	Cyclic prefix length in FFT samples 
	EVM window length W
	Ratio of W to total CP length 1 (%)

	50
	1024
	72
	36
	50

	100
	2048
	144
	72
	50

	200
	4096
	288
	144
	50

	Note 1:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 2. Symbol 0 of slot 0 and slot 2 may have a longer CP and therefore a lower percentage.



Table E.4.3-2: EVM window length for normal CP for 120 kHz SCS
	Channel Bandwidth (MHz)
	FFT size
	Cyclic prefix length in FFT samples 
	EVM window length W
	Ratio of W to total CP length 1 (%)

	50
	512
	36
	18
	50

	100
	1024
	72
	36
	50

	200
	2048
	144
	72
	50

	400
	4096
	288
	144
	50

	Note 1:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 4. Symbol 0 of slot 0 and slot 4 may have a longer CP and therefore a lower percentage.



[bookmark: _Toc53173735][bookmark: _Toc53173366][bookmark: _Toc52197643][bookmark: _Toc52196663][bookmark: _Toc45889983][bookmark: _Toc37324458][bookmark: _Toc37323052][bookmark: _Toc37254194][bookmark: _Toc36469777][bookmark: _Toc36456679][bookmark: _Toc29805470][bookmark: _Toc21341022]E.4.4	Window length for Extended CP
Table E.4.4-1 below specifies the EVM window length (W) for extended CP. The number of CP samples excluded from the EVM window is the same as for normal CP length.
Table E.4.4-1: EVM window length for extended CP for 60 kHz SCS
	Channel Bandwidth (MHz)
	FFT size
	Cyclic prefix length in FFT samples 
	EVM window length W
	Ratio of W to total CP length1 (%)

	50
	1024
	256
	220
	85.9

	100
	2048
	512
	440
	85.9

	200
	4096
	1024
	880
	85.9

	Note 1:	These percentages are informative.



[bookmark: _Toc53173737][bookmark: _Toc53173368][bookmark: _Toc52197645][bookmark: _Toc52196665][bookmark: _Toc45889985][bookmark: _Toc37324460][bookmark: _Toc37323054][bookmark: _Toc37254196][bookmark: _Toc36469779][bookmark: _Toc36456681][bookmark: _Toc29805472][bookmark: _Toc21341024]E.5	Averaged EVM
The general EVM is averaged over basic EVM measurements for n slots in the time domain.

,
where n is

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:

	

< End of the changes >
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