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1. Introduction
Both section 6.4.2.1 Error Vector Magnitude in the 38.101-1 [1] and 38.101-2 [2] were written years ago and inherited a lot from section 6.5.2.1 Error Vector Magnitude of LTE 36.101 [3], the focus has been as it should mainly on specifying proper EVM requirement values but there are small improvements/corrections that could on the terminology use and consistency between 38.101-1 and 38.101-2 technical specifications.
2. Discussion
In Table 1 is listed some issues, where either both TS 38.101.1 and 38.101.2 show it or one of those two TS.
	Issue #
	TS 38.101-1
	TS 38.101-2
	TS impacted
	Description/Comment
	Proposed change

	1 (Table title)
	Table 6.4.2.1-1: Requirements for Error Vector Magnitude
	[bookmark: _Hlk142660022]Table 6.4.2.1-1: Minimum requirements for error vector magnitude
	38.101-2
	Table 6.4.2.1-1: Requirements for Error Vector Magnitude
As there are only the values in the "Average EVM Level" column without symbol ≤, it is like that specific value should be met.

Table 6.4.2.1-1: Minimum requirements for error vector magnitude
As there is only the value in the columns without symbol ≤, it is like that specific value should be met.

	Change table title in both TS to:
[bookmark: _Hlk142640885]“Table 6.4.2.1-1: Maximum RMS error vector magnitude” and keep requirement values as they are i.e. do not add symbol ≤.
Or
“Table 6.4.2.1-1: RMS error vector magnitude” and add symbol ≤.

	2
	Level
	Level
	38.101-1 & 38.101-2
	The word “level” is used in “Average EVM Level” (38.101-1 & 2) and “Reference signal EVM level”, but it is misleading, and “case” is more appropriate as used elsewhere in 6.4.2.1 (“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…”)
	Remove “level” in table 6.4.2.1-1.

	3 (Missing column)
	In Table 6.4.2.1-1: Requirements for Error Vector Magnitude 
Only the "Average EVM Level" column is present, the "Reference signal EVM level" column is missing.
	In Table 6.4.2.1-1: Requirements for Error Vector Magnitude 
Both columns “Average EVM Level” and “Reference signal EVM level” are present
	38.101-1
	Text in 6.4.2.1 refers to two cases: the “average EVM case” and the “reference signal EVM case”

	Make modifications such that both TS have two columns “Average EVM case” and “Reference signal EVM case”, being understood that the EVM values are identical in both columns for identical modulation.

	4
	“average EVM case”
	“average EVM case”
	38.101-1 & 38.101-2
	“Average EVM case” is a little bit vague, , PUSCH, PUCCH, PRACH could be added in brackets to be clear which what is it about.
	Add (PUSCH, PUCCH, PRACH)

	5
	“reference signal EVM case”
	“reference signal EVM case”
	38.101-1 & 38.101-2
	“Reference signal EVM” is a little bit vague, DMRS could be added in brackets to be clear which reference signal is about. 
	Add (DMRS)

	6 (First column name of Table 6.4.2.1)
	“Parameter”
	“Parameter”
	38.101-1 & 38.101-2


	The first column of Table 6.4.2.1-1 lists modulations but the column name is “Parameter”, using simply “Modulation” would more appropriate.
	Change first column name of Table 6.4.2.1-1 to “Modulation”.

	7 (First column name of Table 6.4.2.2)
	“Parameter”
	“Parameter”
	38.101-1 & 38.101-2
	The first column of Table 6.4.2.1-2 lists modulations but the column name is “Parameter”, using simply “Modulation” would more appropriate.
	Change first column name of Table 6.4.2.2-1 to “Modulation”.
Remove the row “Operating conditions”/“Normal conditions” in Table 6.4.2.2-1 and add “normal conditions” instead in the title name of Table 6.4.2.2-1. Add also “normal conditions” in part of the text description (Last paragraph before Table 6.4.2.2-1).
Change in the title, the word “Parameters” to the word “UE Output power” in TS 38.101-1.
Change in the title, the word “Parameters” to the word “UE EIRP” in TS 38.101-2. That would also apply also to Table 6.4.2.1-2a, Table 6.4.2.1-3, Table 6.4.2.1-3a, Table 6.4.2.1-3b, Table 6.4.2.1-4.



[bookmark: _Ref127291596]Table 1 – List of issues
Observation 1: The title of Table 6.4.2.1-1 is different between TS 38.101-1 (“Table 6.4.2.1-1: Requirements for Error Vector Magnitude”) and TS 38.101-2 (“Table 6.4.2.1-1: Minimum requirements for error vector magnitude”), also specific EVM values i.e. symbol ≤ is absent (fine if “maximum error vector magnitude” is used).
Observation 2: The word "Level" is used several times with EVM which sounds incorrect and redundant.
Observation 3: "Reference signal EVM level" column is missing in Table 6.4.2.1-1 of TS 38.101-1.
Observation 4: It is not clearly written to what “average EVM case” refers to, even though it is understood when referring to Annex F which should not be required.
Observation 5: It is not clearly written to what “reference signal EVM case” refers to, even though it is obvious that it refers to DMRS.
Observation 6: “Parameter” is used several times whereas “Modulation” would be more appropriate instead.
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2.1. TS 38.101-1
In the following two pages is shown first the current state of section 6.4.2.1 of the 38.101-1 (Case 1) and the same section if the proposed changes in Table 1 are accepted (Case 2).
[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
Reference signal EVM level (ENTIRE COLUMN MISSING)
Pi/2 BPSK 
%
30.0
30.0
QPSK 
%
17.5
17.5
16 QAM 
%
12.5
12.5
64 QAM 
%
8.0
8.0
256 QAM
%
3.5
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


Case 1 – 38.101-1 (Rel-18 as example) – Current state





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 slot for 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 (PUSCH, PUCCH, PRACH), and over 60 subframes for the reference signal EVM case (DMRS), for the different modulation schemes shall not exceed the values specified in Table 6.4.2.1-1 for normal conditions with 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: Maximum RMS Error Vector Magnitude, normal conditions
Table 6.4.2.1-1: Maximum RMS Error Vector Magnitude, normal conditions

Modulation
Unit
Average EVM
Reference signal EVM
Pi/2 BPSK 
%
≤ 30.0
≤ 30.0
QPSK 
%
≤ 17.5
≤ 17.5
16 QAM 
%
≤ 12.5
≤ 12.5
64 QAM 
%
≤ 8.0
≤ 8.0
256 QAM
%
≤ 3.5
≤ 3.5

Table 6.4.2.1-2: UE Output power for Error Vector Magnitude

Modulation
Unit
Level
Pi/2 BPSK, QPSK, 16QAM, 64QAM
dBm
 Table 6.3.1-1 
256 QAM
dBm
 Table 6.3.1-1 + 10 dB


Case 2 – 38.101-1 (Rel-18 as example) – After applying proposed changes
Proposal 1: Proposed changes in “Case 2” should be applied to all releases in TS38.101-1.


2.2. TS 38.101-2
In the following two pages is shown first the current state of section 6.4.2.1 of the 38.101-2 (Case 3) and the same section if the proposed changes in Table 1 are accepted (Case 4).
[bookmark: _Toc138887864][bookmark: _Toc131767278][bookmark: _Toc130574868][bookmark: _Toc124298117][bookmark: _Toc123088461][bookmark: _Toc123086726][bookmark: _Toc115257406][bookmark: _Toc114537138][bookmark: _Toc106577387][bookmark: _Toc99733487][bookmark: _Toc98864238][bookmark: _Toc90591208][bookmark: _Toc83129676][bookmark: _Toc76510519][bookmark: _Toc75273619][bookmark: _Toc67925981][bookmark: _Toc61119923][bookmark: _Toc61119541]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 sub-clauses 6.4.2.4 and 6.4.2.5. 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 slot for 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 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 or 6.4.2.1-3, depending on UE power class. 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. 
The requirement is verified with the test metric of EVM (Link=TX beam peak direction, Meas=Link angle). 
Table 6.4.2.1-1: Minimum requirements for error vector magnitude

Parameter
Unit
Average EVM level
Reference signal EVM level
Pi/2 BPSK 
%
30.0
30.0
QPSK 
%
17.5
17.5
16 QAM 
%
12.5
12.5
64 QAM 
%
8.0
8.0

Table 6.4.2.1-2: Parameters for Error Vector Magnitude for power class 1 in FR2-1

Parameter
Unit
Level
UE EIRP
dBm
 4
UE EIRP for UL 16 QAM
dBm
 7
UE EIRP for UL 64 QAM
dBm
 11
Operating conditions

Normal conditions
[…]

Case 3 – 38.101-2 (Rel-18 as example) – Current state


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 sub-clauses 6.4.2.4 and 6.4.2.5. 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 slot for 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 (PUSCH, PUCCH, PRACH), and over 60 subframes for the reference signal EVM case (DMRS), for the different modulation schemes shall not exceed the values specified in Table 6.4.2.1-1 for normal conditions with the parameters defined in Table 6.4.2.1-2 or 6.4.2.1-3, depending on UE power class. 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. 
The requirement is verified with the test metric of EVM (Link=TX beam peak direction, Meas=Link angle). 
Table 6.4.2.1-1: Maximum RMS Error Vector Magnitude, normal conditions
Table 6.4.2.1-1: Maximum RMS Error Vector Magnitude, normal conditions

Modulation
Unit
Average EVM
Reference signal EVM
Pi/2 BPSK 
%
≤ 30.0
≤ 30.0
QPSK 
%
≤ 17.5
≤ 17.5
16 QAM 
%
≤ 12.5
≤ 12.5
64 QAM 
%
≤ 8.0
≤ 8.0

Table 6.4.2.1-2: UE EIRP for error vector magnitude for power class 1 in FR2-1

Modulation
Unit
Level
Pi/2 BPSK, QPSK
dBm
 4
16 QAM
dBm
 7
64 QAM
dBm
 11
 […]

Case 4 – 38.101-2 (Rel-18 as example) – After applying proposed changes
Proposal 2: Proposed changes in “Case 4” should be applied to all releases in TS38.101-2 and extended to all section 6.4.2.1.
Proposal 3: Consider for future 3GPP RATs changing “Average EVM” to “Physical channel EVM”, and “Reference signal EVM” to “Physical signal EVM” or keep it as “Reference signal EVM”.
Proposal 4: “PRACH” should be made visible in Figure F.1-1: EVM measurement points”. The physical channels PUSCH, PUCCH and the physical signal DMRS are visible in that figure, but not the physical channel PRACH. 


3. Conclusion
Based on the discussion above, the following can be noted:
Observation 1: The title of Table 6.4.2.1-1 is different between TS 38.101-1 (“Table 6.4.2.1-1: Requirements for Error Vector Magnitude”) and TS 38.101-2 (“Table 6.4.2.1-1: Minimum requirements for error vector magnitude”), also specific EVM values i.e. symbol ≤ is absent (fine if “maximum error vector magnitude” is used).
Observation 2: The word "Level" is used several times with EVM which sounds incorrect and redundant.
Observation 3: "Reference signal EVM level" column is missing in Table 6.4.2.1-1 of TS 38.101-1.
Observation 4: It is not clearly written to what “average EVM case” refers to, even though it is understood when referring to Annex F which should not be required.
Observation 5: It is not clearly written to what “reference signal EVM case” refers to, even though it is obvious that it refers to DMRS.
Observation 6: “Parameter” is used several times whereas “Modulation” would be more appropriate instead.
Proposal 1: Proposed changes in “Case 2” should be applied to all releases in TS38.101-1.
Proposal 2: Proposed changes in “Case 4” should be applied to all releases in TS38.101-2 and extended to all section 6.4.2.1.
Proposal 3: Consider for future 3GPP RATs changing “Average EVM” to “Physical channel EVM”, and “Reference signal EVM” to “Physical signal EVM” or keep it as “Reference signal EVM”.
[bookmark: _GoBack]Proposal 4: “PRACH” should be made visible in Figure F.1-1: EVM measurement points”. The physical channels PUSCH, PUCCH and the physical signal DMRS are visible in that figure, but not the physical channel PRACH. 
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