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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]At RAN#78, it was decided that for each NR test case a discussion of test point selection regarding frequency, channel BW, SCS, RB allocation and waveform is required and that the analysis is documented in TR 38.905.
In this contribution the selection of frequency, channel BW, SCS, RB allocation and waveform for the EVM equalizer spectrum flatness test case is analyzed.
Discussion
The EVM equalizer spectrum flatness is a measure for the ripple inside the transmission bandwidth of an UE and is defined in section 6.4.2.4 and Annex F Transmit Modulation of TS 38.101-1 [1].
The minimum requirement is specified as follows:
[bookmark: _Toc518915438][bookmark: _Toc518915436][bookmark: _Hlk497415844]6.4.2.4	EVM equalizer spectrum flatness
The zero-forcing equalizer correction applied in the EVM measurement process (as described in Annex F) 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.
For shaped Pi/2-BPSK modulated waveforms, the minimum requirements are TBD.
For unshaped modulated waveforms, 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 6.4.2.4-1 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 6.4.2.4-1).
The EVM equalizer spectral flatness shall not exceed the values specified in Table 6.4.2.4-2 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 6.4.2.4-1).
Table 6.4.2.4-1: Requirements for EVM equalizer spectrum flatness for unshaped modulations (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 E-UTRA frequency band specified in Table 5.5-1



Table 6.4.2.4-2: Minimum requirements for EVM equalizer spectrum flatness for unshaped modulations (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 E-UTRA frequency band specified in Table 5.5-1



 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 6.4.2.4-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation of the coefficients indicated for unshaped modulations (the ETC minimum requirement are within brackets).


6.4.2.3	EVM equalizer spectrum flatness
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 EVM equalizer spectrum flatness 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 EVM equalizer spectrum flatness 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 6.4.2.3-1.
Table 6.4.2.3-1: Requirements for EVM equalizer spectrum flatness
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm 
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm  Output power < -30 dBm
	

	NOTE 1:	An EVM equalizer spectrum flatness combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB 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. 
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 are those that are enclosed in the RBs containing the carrier leakage frequency if  is odd, or in the two RBs immediately adjacent to the carrier leakage frequency if  is even but excluding any allocated RB. 

NOTE 6:	 is the Transmission Bandwidth (see Figure 5.3.3). 

NOTE 7:	 is the Transmission Bandwidth Configuration (see Figure 5.3.3). 

NOTE 8:	 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.  or  for the first adjacent RB outside of the allocated bandwidth. 

NOTE 10:	 is the transmitted power normalized by the number of allocated RBs, measured in dBm.


Test Environment
In LTE, EVM equalizer spectrum flatness is tested under extreme conditions. As there is a minimum conformance requirement for extreme conditions for NR FR1, EVM equalizer spectrum flatness shall be tested with extreme conditions.
Proposal 1: Define test environment as Normal, TL/VL, TL/VH, TH/VL, TH/VH for EVM equalizer spectrum flatness in FR1.
Test Subcarrier Spacing
In order to maximize the tested bandwidth the smallest SCS is selected as it provides the highest spectrum efficiency.
Proposal 2: Select smallest SCS for EVM equalizer spectrum flatness in FR1.
Test Frequencies
In LTE, EVM equalizer spectrum flatness is tested for Low range, Mid range, and High range. Due to the presence of filters in the FR1 UEs it is reasonable to follow the LTE approach for NR. 
Proposal 3: Test EVM equalizer spectrum flatness for Low range, Mid range, and High range frequencies in FR1.
Test Channel Bandwidth
[bookmark: _Hlk506571898]In LTE, EVM equalizer spectrum flatness is tested for Lowest, 5 MHz and Highest channel bandwidths. Due to the presence of filters in the FR1 UEs it is reasonable to follow the LTE approach for NR. 
Proposal 4: Test EVM equalizer spectrum flatness for Lowest, Mid and Highest channel bandwidth in FR1.
Test Modulations and waveforms
In LTE EVM equalizer spectrum flatness is tested with QPSK modulation at maximum output power. Since CP-OFDM modulation has a higher CREST factor than DFT-s-OFDM it stresses the PA of the mobile more. Therefore, CP-OFDM QPSK should be selected as modulation and waveform.
Proposal 5: Test EVM equalizer spectrum flatness with CP-OFDM QPSK.
RB allocation
In LTE, EVM equalizer spectrum flatness is tested with full allocation to test all equalizer coefficients. The same approach is followed for NR.
Proposal 6: Test EVM equalizer spectrum flatness with Outer Full allocation. 

	Conclusion
To sum up, the following selection of test points is proposed for EVM equalizer spectrum flatness in FR1:
Proposal 1: Define test environment as Normal, TL/VL, TL/VH, TH/VL, TH/VH for EVM equalizer spectrum flatness in FR1.
Proposal 2: Select smallest SCS for EVM equalizer spectrum flatness in FR1.
Proposal 3: Test EVM equalizer spectrum flatness for Low range, Mid range, and High range frequencies in FR1.
Proposal 4: Test EVM equalizer spectrum flatness for Lowest, Mid and Highest channel bandwidth in FR1.
Proposal 5: Test EVM equalizer spectrum flatness with CP-OFDM QPSK.
Proposal 6: Test EVM equalizer spectrum flatness with Outer Full allocation. 
	Number of test points
In this document several proposals have been stated for the configuration parameters. In all of cases the analysis has been focused on reducing testing time without losing coverage in UE testing for NR FR1.
	Environmental
conditions
	Maximum Number of Frequencies 
	Maximum Number of ChBW
	Number SCS
	Number of steps (mod and RB)
	Maximum Number of Test Steps

	5
	3
	3
	1
	1
	45



[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]References
[1] TS 38.101-1 V15.2.0 , 3GPP TSG RAN WG4, June 2018
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