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Introduction
This contribution provides text proposal to TS 38.115-1 for EVM requirement.
Discussion
In RAN4#104-e meeting, TP on EVM requirements was agreed [1].
For DL, EVM is defined as the difference between the symbols provided at the input of the repeater and the measured symbols at the output of the repeater. However, during the conformance testing, only the output symbols are evaluated. Text to explain why input signal is not evaluated during the confomance testing is required.
For UL,  EVM is definedd as the difference between the reference waveform and the measured waveform. It looks ambiguous and needs some clarifications. 
In RAN4#104bis-e, EVM issue was discussed on DL EVM definition [2]. Based on the discussion in the previous meeting, we propose to keep the EVM definition text for DL as it is and to make some changes for UL.
The text proposal is provided to TS 38.115-1 [3].
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TEXT PROPOSAL:
--------------Start of change-------------
[bookmark: _Toc97737208][bookmark: _Toc117256479]6.6	Error Vector Magnitude
[bookmark: _Toc117256480]6.6.1	Downlink Error vector magnitude
[bookmark: _Toc117256481]6.6.1.1	General
[bookmark: _Hlk95332295]The Error Vector Magnitude (EVM) is a measure of the difference between the symbols provided at the input of repeater and the measured signal symbols at the output of the repeater after the equalization by the measurement equipment. This difference is called the error vector. Details about how the EVM is determined are specified in TS 38.104 Annex B for FR1. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent. During the conformance testing, the symbols provided at the input of the repeater are assumed to be ideal symbols. The accuracy of the input symbols is counted in the measurement uncertainty.
The EVM requirement is applicable for a repeater operating at an input power in the range from what is required to reach the maximum output power to the minimum power level in table 6.6.1.1-1.
Table 6.6.1.1-1: Minimum input power for EVM
	Repeater DL class
	Minimum input power spectral density (dBm/MHz)

	
	QPSK, 16 QAM, 64QAM
	256QAM1

	WA
	-82
	-75

	MR
	-77
	-70

	LA
	-74
	-67

	Note 1: support of 256QAM is based on the declaration



[bookmark: _Toc117256482]6.6.1.2	Minimum requirements
The minimum requirement is in TS 38.106 [2] clause 6.6.1.2.
[bookmark: _Toc117256483]6.6.1.3	Test purpose
To verify that the downlink EVM deterioration is within the limit specified by the minimum requirements after the signal passed through the Repeater.
[bookmark: _Toc117256484]6.6.1.4	Method of test
[bookmark: _Toc117256485]6.6.1.4.1	Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier: B, M and T; see clause 4.9.1.
RF bandwidth positions to be tested for multi-carrier and/or CA:
-	BRFBW, MRFBW and TRFBW in single-band operation, see clause 4.9.1;
-	BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band operation, see clause 4.9.1.
[bookmark: _Toc117256486]6.6.1.4.2	Procedure
The minimum requirement is applied to all antenna connectors, they may be tested one at a time or multiple antenna connectors may be tested in parallel as shown in annex D.1.1 for repeater type 1-C. Whichever method is used the procedure is repeated until all antenna connectors necessary to demonstrate conformance have been tested.
1)	For an antenna connector declared to be capable of single carrier operation only (D.16), set the antenna connector under test to transmit a signal according to the applicable test configuration in clause 4.8 using the corresponding test models:
-	NR-FR1-TM 3.1b if 1024QAM is supported by repeater without power back off, or
-	NR-FR1-TM 3.1b at manufacturer's declared rated output power if 1024QAM is supported by repeater with power back off, and NR-FR1-TM 3.1a if 256QAM is supported by repeater without power back off, or
-	NR-FR1-TM 3.1b at manufacturer's declared rated output power if 1024QAM is supported by repeater with power back off and NR-FR1-TM 3.1a at manufacturer's declared rated output power if 256QAM is supported by repeater with power back off, and NR-FR1-TM3.1 at maximum power or
-	NR-FR1-TM 3.1a if 1024QAM is not supported by repeater and 256QAM is supported by repeater without power back off, or
-	NR-FR1-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by repeater with power back off and 1024QAM is not supported, and NR-FR1-TM3.1 at maximum power, or
[bookmark: _Hlk530068684]-	NR-FR1-TM3.1 if highest modulation order supported by repeater is 64QAM, or
-	NR-FR1-TM3.2 if highest modulation order supported by repeater is 16QAM, or
-	NR-FR1-TM3.3 if highest modulation order supported by repeater is QPSK.
	For an antenna connector declared to be capable of multi-carrier operation (D.15-D.16), set the antenna connector under test to transmit according to the applicable test configuration and corresponding power setting specified in clauses 4.7 and 4.8 using the corresponding test models on all carriers configured:
-	NR-FR1-TM 3.1b if 1024QAM is supported by repeater without power back off, or
-	NR-FR1-TM 3.1b at manufacturer's declared rated output power if 1024QAM is supported by repeater with power back off, and NR-FR1-TM 3.1a if 256QAM is supported by repeater without power back off, or
-	NR-FR1-TM 3.1b at manufacturer's declared rated output power if 1024QAM is supported by repeater with power back off and NR-FR1-TM 3.1a at manufacturer's declared rated output power if 256QAM is supported by repeater with power back off, and NR-FR1-TM3.1 at maximum power or
-	NR-FR1-TM 3.1a if 1024QAM is not supported by repeater and 256QAM is supported by repeater without power back off, or
-	NR-FR1-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by repeater with power back off and 1024QAM is not supported, and NR-FR1-TM3.1 at maximum power, or
-	NR-FR1-TM3.1 if highest modulation order supported by repeater is 64QAM, or
-	NR-FR1-TM3.2 if highest modulation order supported by repeater is 16QAM, or
-	NR-FR1-TM3.3 if highest modulation order supported by repeater is QPSK.
For NR-FR1-TM3.1a and NR-FR1-TM3.1b, power back-off shall be applied if it is declared.
2)	Measure the EVM and frequency error as defined in annex H.
3)	Repeat steps 1 and 2 for NR-FR1-TM2 if 256QAM and 1024QAM is not supported by repeater or for NR-FR1-TM2a if 256QAM is supported by repeater and 1024QAM is not supported by repeater or for NR-FR1-TM2b if 1024QAM is supported. For NR-FR1-TM2, NR-FR1-TM2a and NR-FR1-TM2b, the OFDM symbol TX power (OSTP) shall be at the lower limit of the dynamic range according to the test procedure in clause 6.3.3.4 and test requirements in clause 6.3.3.5.
In addition, for multi-band connector(s), the following steps shall apply:
4)	For multi-band connectors and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
[bookmark: _Toc117256487]6.6.1.5	Test requirement
The downlink of the Repeater EVM levels for different modulation schemes shall not exceed values in table 6.6.1.5-1. 
Table 6.6.1.5-1: EVM test requirements
	Parameter
	Required test EVM

	QPSK, 16QAM, 64QAM
	[9.25 %]

	256QAM
	[4.75 %] 1

	Note 1: support of 256QAM is based on the declaration.



[bookmark: _Toc106094129][bookmark: _Toc97737213][bookmark: _Toc117256488]6.6.2	Uplink Error vector magnitude
[bookmark: _Toc106094130][bookmark: _Toc97737214][bookmark: _Toc117256489]6.6.2.1	General
The Error Vector Magnitude is a measure of the difference between the reference waveform provided at the input of the repeater and the measured waveform at the output of the repeater. 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 TS 38.101-1[9] 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 %. During the conformance testing, the reference waveform provided at the input of the repeater are assumed to be ideal waveform. The accuracy of the input waveform is counted in the measurement uncertainty.
The basic EVM measurement interval in one slot 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 TS 38.101-1 [9] clause 6.3.3.
The EVM requirement is applicable for a repeater operating at an input power in the range from what is required to reach the maximum output power to the minimum power level in table 6.6.2.1-1.
Table 6.6.2.1-1: Minimum input power for EVM
	Repeater UL class
	Minimum input power spectral density (dBm/MHz)

	
	QPSK, 16 QAM, 64QAM
	256QAM1

	WA
	-82
	-75

	LA
	-74
	-67

	Note 1: support of 256QAM is based on the declaration



[bookmark: _Toc106094131][bookmark: _Toc97737215][bookmark: _Toc117256490]6.6.2.2	Minimum requirement
The minimum requirement is in TS 38.106 [9] clause 6.6.2.2.
[bookmark: _Toc503965094][bookmark: _Toc117256491]6.6.2.3	Test purpose
To verify that the uplink EVM deterioration is within the limit specified by the minimum requirements after the signal passed through the Repeater.
[bookmark: _Toc503965095][bookmark: _Toc117256492]6.6.2.3	Method of test
[bookmark: _Toc503965096][bookmark: _Toc117256493]6.6.2.3.1	Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier: B, M and T; see clause 4.9.1.
RF bandwidth positions to be tested for multi-carrier and/or CA:
-	BRFBW, MRFBW and TRFBW in single-band operation, see clause 4.9.1;
-	BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band operation, see clause 4.9.1.
[bookmark: _Toc503965097][bookmark: _Toc117256494]6.6.2.3.2	Procedure
For repeater, the minimum requirement is applied to all antenna connectors, they may be tested one at a time or multiple antenna connectors may be tested in parallel as shown in annex D.1.1 for repeater type 1-C. Whichever method is used the procedure is repeated until all antenna connectors necessary to demonstrate conformance have been tested.
1) For an antenna connector declared to be capable of single carrier operation only (D.16), set the antenna connector under test to transmit a signal according to the applicable test configuration in clause 4.8 using the corresponding test models:
-	RUL-TM3.1a if 256QAM is supported by repeater without power back off, or
-	RUL-FR1-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by repeater with power back off, and NR-FR1-TM3.1 at maximum power, or
-	RUL-FR1-TM3.1 with highest modulation order supported by repeater.
For an antenna connector declared to be capable of multi-carrier operation (D.15-D.16), set the antenna connector under test to transmit according to the applicable test configuration and corresponding power setting specified in clauses 4.7 and 4.8 using the corresponding test models on all carriers configured:
-	RUL-FR1-TM3.1a if 256QAM is supported by repeater without power back off, or
-	RUL-FR1-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by repeater with power back off, and NR-FR1-TM3.1 at maximum power, or
-	RUL-FR1-TM3.1 with highest modulation order supported by repeater.
For RUL-FR1-TM3.1a, power back-off shall be applied if it is declared.
2) Measure the EVM and frequency error as defined in annex H.
3) Repeat steps 1 and 2 for RUL-FR1-TM2 if 256QAM is not supported by repeater or for RUL-FR1-TM2a if 256QAM is supported by repeater. For RUL-FR1-TM2 and RUL-FR1-TM2a the OFDM symbol TX power (OSTP) shall be at the lower limit of the dynamic range according to the test procedure in clause 6.3.3.4 and test requirements in clause 6.3.3.5.
In addition, for multi-band connector(s), the following steps shall apply:
4) For multi-band connectors and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
[bookmark: _Toc503965098][bookmark: _Toc117256495]6.6.2.4	Test requirement
The uplink of the Repeater EVM levels for different modulation schemes shall not exceed values in table 6.6.2.4-1. 
Table 6.6.2.4-1: EVM test requirements
	Parameter
	Required test EVM

	QPSK, 16QAM, 64QAM
	[9.25 %]

	256QAM
	[4.75 %] 1

	Note 1: support of 256QAM is based on the declaration.
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