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1. Background
This contribution provides the TP for TS 38.174: IAB-MT Transmit signal quality.
2. Reference
[1] R4-2009789, “TP for TR 38.809 IAB-MT Transmit signal quality”, CATT
Annex: TP for IAB TS 38.174
<Start of the TP>
[bookmark: _Toc29811681][bookmark: _Toc21127472][bookmark: _Hlk497415844]6.5.1	Frequency error
6.5.1.1 IAB-DU frequency error
The requirements in clause 6.5.1 for BS type 1-H in TS 38.104 [2] apply to IAB-DU type 1-H.
6.5.1.2 IAB-MT frequency error
The IAB-MT basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of IAB-MT modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the parent node.
[bookmark: _Toc29811684][bookmark: _Toc21127475]6.5.2	Modulation quality
6.5.2.1 IAB-DU modulation quality
The requirements in clause 6.5.2 for BS type 1-H in TS 38.104 [2] apply to IAB-DU type 1-H.
6.5.2.2 IAB-MT modulation quality
6.5.2.2.1 General
IAB-MT transmit modulation quality defines the modulation quality for expected in-channel RF transmissions from the IAB-MT. 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 6.5.2.2 are defined using the measurement methodology specified in Annex D.
In case the parameter 3300 or 3301 is reported from IAB-MT via txDirectCurrentLocation IE (as defined in TS 38.331 [15]), carrier leakage measurement requirement in clause 6.5.2.2.3 and 6.5.2.2.4 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.
For IAB-MT type 1-H  modulation quality requirements shall be applied at each TAB connector supporting transmission in the operating band.
6.5.2.2.2 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 6.5.2.2.5. 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 contain an allowable power transient in the measurement interval, as defined in clause 6.4.2.3.
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 6.5.2.2.2-1. 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 6.5.2.2.2-1: Requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level

	QPSK
	%
	17.5

	16 QAM 
	%
	12.5

	64 QAM 
	%
	8

	256 QAM
	%
	3.5


6.5.2.2.3 Carrier leakage
Carrier leakage is an additive sinusoid waveform whose frequency is the same as the modulated waveform carrier frequency. The measurement interval is one slot in the time domain.
The relative carrier leakage power is a power ratio of the additive sinusoid waveform and the modulated waveform. The relative carrier leakage power shall not exceed -28 dBc when IAB-MT transmits signals at maximum output level.
6.5.2.2.4 In-band emission
The in-band emission is defined as the average emission across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB.
The basic in-band emissions measurement interval is defined over one slot in the time domain; however, the minimum requirement applies when the in-band emission measurement is averaged over 10 sub-frames. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is reduced by one or more symbols, accordingly.
The average of the basic in-band emission measurement over 10 sub-frames shall not exceed the values specified in Table 6.5.2.2.4-1 when IAB-MT transmits signals at maximum output level.
Table 6.5.2.2.4-1: Requirements for in-band emissions for IAB-MT type 1-H
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies (NOTES 2, 3)

	Carrier leakage
	dBc
	-28
	Carrier leakage frequency (NOTES 4, 5)

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of  - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply.  is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RB containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency  but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see clause  5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see clause 5.3).
NOTE 8:	EVM is the limit specified in Table 6.4.2.1-1 for the modulation format used in the allocated RBs.

NOTE 9:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated bandwidth.

NOTE 10:	 is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm. 
NOTE 11:	For almost contiguous allocations defined in sub-clause 6.2.2, LCRB = NRB_alloc + NRB_gap with no in-gap emission requirement.


6.5.2.2.5 EVM equalizer spectrum flatness
The zero-forcing equalizer correction applied in the EVM measurement process (as described in Annex D) must meet a spectral flatness requirement for the EVM measurement to be valid. The EVM equalizer spectrum flatness is defined in terms of the maximum peak-to-peak ripple of the equalizer coefficients (dB) across the allocated uplink block. The basic measurement interval is the same as for EVM.
The peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink allocation shall not exceed the maximum ripple specified in Table 6.5.2.2.5-1 for normal conditions. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 5 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 7 dB (see Figure 6.5.2.2.5-1).
The EVM equalizer spectral flatness shall not exceed the values specified in Table 6.5.2.2.5-2 for extreme conditions. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 6 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 10 dB (see Figure 6.5.2.2.5-1).
Table 6.5.2.2.5-1: Requirements for EVM equalizer spectrum flatness (normal conditions)
	Frequency range
	Maximum ripple (dB)

	FUL_Meas – FUL_Low ≥ 3 MHz and FUL_High – FUL_Meas ≥ 3 MHz
(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < 3 MHz or FUL_High – FUL_Meas < 3 MHz
(Range 2)
	8 (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	FUL_Low and FUL_High refer to each NR frequency band specified in Table 5.2-1



Table 6.5.2.2.5-2: Minimum requirements for EVM equalizer spectrum flatness (extreme conditions)
	
Frequency range
	Maximum Ripple (dB)

	FUL_Meas – FUL_Low ≥ 5 MHz and FUL_High – FUL_Meas ≥ 5 MHz
(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < 5 MHz or FUL_High – FUL_Meas < 5 MHz
(Range 2)
	12 (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	FUL_Low and FUL_High refer to each NR frequency band specified in Table 5.2-1



 f   
 FUL_High 
 FUL_High – 3(5) MHz 
 
   < 4(4) dBp-p     
Range 1
Range 2
  max(Range 1)-min(Range 2) < 5(6) dB  
  max(Range 2)-min(Range 1) < 7(10) dB  
   < 8(12) dBp-p     

Figure 6.5.2.2.5-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation of the coefficients indicated (the ETC minimum requirement are within brackets).

<Next part>
[bookmark: _Toc29811857][bookmark: _Toc21127648]9.6.1	OTA frequency error
9.6.1.1 IAB-DU OTA frequency error
The requirements in clause 9.6.1 for BS type 1-O and  type 2-O in TS 38.104 [2] apply to IAB-DU type 1-O and type 2-O respectively.
9.6.1.2 IAB-MT OTA frequency error
9.6.1.2.1 Minimum requirement for IAB-DU type 1-O
The IAB-MT basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 msec of cumulated measurement intervals compared to the carrier frequency received from the parent node.
OTA frequency error requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
9.6.1.2.2 Minimum requirement for IAB-DU type 2-O
The IAB-MT basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 msec of cumulated measurement intervals compared to the carrier frequency received from the parent node.
The frequency error is defined as a directional requirement. The requirement is verified in beam locked mode with the test metric of Frequency (Link=TX beam peak direction, Meas=Link angle).
[bookmark: _Toc29811861][bookmark: _Toc21127652]9.6.2	OTA modulation quality
9.6.2.1 IAB-DU OTA modulation quality
The requirements in clause 9.6.2 for BS type 1-O and type 2-O in TS 38.104 [2] apply to IAB-DU type 1-O and type 2-O respectively.
9.6.2.2 IAB-MT OTA modulation quality
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 E.
All the requirements in 9.6.2.2 are defined as directional requirement. The requirements are verified in beam locked mode on beam peak direction, with parameter maxRank (as defined in TS 38.331 [13]) set to 1. The requirements are applicable to UL transmission from each configurable antenna port (as defined in TS 38.331 [13]) of UE, enabled one at a time.
In case the parameter 3300 or 3301 is reported from UE via txDirectCurrentLocation IE (as defined in TS 38.331 [13]), carrier leakage measurement requirement in clause 9.6.2.2.2 and 9.6.2.2.3 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.
9.6.2.2.1 Error Vector Magnitude
9.6.2.2.1.1 General
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 9.6.2.2.4. 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 contain an allowable power transient in the measurement interval as defined in clause 9.5.3.4 and 9.5.3.5.
For IAB-MT type 1-O, the requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
For IAB-MT type 2-O, the requirement is verified with the test metric of EVM (Link=TX beam peak direction, Meas=Link angle).
9.6.2.2.1.2 Minimum requirement for IAB-MT type 1-O
For IAB-MT type 1-O, 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 6.5.2.2.2-1. 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.
9.6.2.2.1.3 Minimum requirement for IAB-MT type 2-O
For IAB-MT type 2-O, 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 9.6.2.2.1.3-1. 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 9.6.2.2.1.3-1: Minimum requirements for error vector magnitude
	
Parameter
	Unit
	Average EVM level
	Reference signal EVM level

	QPSK 
	%
	17.5
	17.5

	16 QAM 
	%
	12.5
	12.5

	64 QAM 
	%
	8.0
	8.0



9.6.2.2.2 Carrier leakage
9.6.2.2.2.1 General
Carrier leakage is an additive sinusoid waveform. The carrier leakage requirement is defined for each component carrier. The measurement interval is one slot in the time domain. The relative carrier leakage power is a power ratio of the additive sinusoid waveform to the power in the modulated waveform.
For IAB-MT type 1-O, the requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
For IAB-MT type 2-O, the requirement is verified with the test metric of Carrier Leakage (Link=TX beam peak direction, Meas=Link angle).
9.6.2.2.2.2 Minimum requirement for IAB-MT type 1-O
For IAB-MT type 1-O, when carrier leakage is contained inside the spectrum confined within the configured UL and DL CCs, the relative carrier leakage power shall not exceed -28 dBc when IAB-MT transmits signals at maximum output level.
9.6.2.2.2.3 Minimum requirement for IAB-MT type 2-O
For IAB-MT type 2-O, when carrier leakage is contained inside the spectrum confined within the configured UL and DL CCs, the relative carrier leakage power shall not exceed -25 dBc when IAB-MT transmits signals at maximum output level.
9.6.2.2.3 In-band emission
9.6.2.2.3.1 General
The in-band emission is defined as the average across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB.
The basic in-band emissions measurement interval is identical to that of the EVM test.
For IAB-MT type 1-O, the requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
For IAB-MT type 2-O, the requirement is verified with the test metric of In-band emission (Link=TX beam peak direction, Meas=Link angle).
9.6.2.2.3.2 Minimum requirement for IAB-MT type 1-O
For IAB-MT type 1-O, the average of the basic in-band emission measurement over 10 sub-frames shall not exceed the values specified in Table 6.5.2.2.4-1 when IAB-MT transmits signals at maximum output level.
9.6.2.2.3.3 Minimum requirement for IAB-MT type 2-O
[bookmark: _Hlk519673118]For IAB-MT type 2-O, the average of the in-band emission measurement over 10 sub-frames shall not exceed the values specified in Table 9.6.2.2.3.3-1 when IAB-MT transmits signals at maximum output level.
Table 9.6.2.2.3.3-1: Requirements for in-band emissions for IAB-MT type 2-O
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-25
	Image frequencies (NOTES 2, 3)

	Carrier leakage
	dBc
	-25
	Carrier frequency (NOTES 4, 5)

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (- 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply.  is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed in the RBs containing the DC frequency but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see Clause 5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see Clause 5.3).
NOTE 8:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 9:	RB is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. RB = 1 or RB = -1 for the first adjacent RB outside of the allocated bandwidth).
NOTE 10:	is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 11:	All powers are EIRP in beam peak direction.


[bookmark: _Toc21340873]9.6.2.2.4 EVM equalizer spectrum flatness
9.6.2.2.4.1 General
The EVM measurement process (as described in Annex D for IAB-MT type 1-O and Annex E for IAB type 2-O) entails generation of a zero-forcing equalizer. The EVM equalizer spectrum flatness is defined in terms of the maximum peak-to-peak ripple of the equalizer coefficients (dB) across the allocated uplink block. The basic measurement interval is the same as for EVM.
For IAB-MT type 1-O, the requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
For IAB-MT type 2-O, the requirement is verified with the test metric of EVM SF (Link=TX beam peak direction, Meas=Link angle).
9.6.2.2.4.2 Minimum requirement for IAB-MT type 1-O
For IAB-MT type 1-O, the peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink allocation shall not exceed the maximum ripple specified in Table 6.5.2.2.5-1 for normal conditions. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 5 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 7 dB (see Figure 6.5.2.2.5-1).
9.6.2.2.4.3 Minimum requirement for IAB-MT type 2-O
For IAB-MT type 2-O, the peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink allocation shall not exceed the maximum ripple specified in Table 9.6.2.2.4.3-1 for normal conditions. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirements: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 (Table 9.6.2.2.4.3-1) must not be larger than 7 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 8 dB (see Figure 9.6.2.2.4.3-1).
Table 9.6.2.2.4.3-1: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)
	Frequency range
	Maximum ripple (dB)

	|FUL_Meas – F_center| ≤ X MHz 
(Range 1)
	6 (p-p)

	|FUL_Meas – F_center| > X MHz
(Range 2)
	9 (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	F_center refers to the center frequency of the CC
NOTE 3:	X, in MHz, is equal to 30 % of the CC bandwidth



[image: ]
Figure 9.6.2.2.4.3-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation of the coefficients indicated under normal conditions

<Next part>
Annex <X>B (informativenormative):
IAB-DU Error Vector Magnitude (FR1)
The Annex B in in TS 38.104 [2] apply to FR1 IAB-DU.
Annex X C (normative):
IAB-DU Error Vector Magnitude (FR2)
The Annex C in in TS 38.104 [2] apply to FR2 IAB-DU.
Annex D (normative):
IAB-MT Transmit modulation (FR1)
The Annex F in in TS 38.101-1 [3] apply to FR1 IAB-MT.
Annex E (normative):
IAB-MT Transmit modulation (FR2)
The Annex F in in TS 38.101-2 [4] apply to FR2 IAB-MT.
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