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1 Introduction
EVM flatness parameters in TS 38.101-2 for modulation higher than QPSK are approved, but there are several factors need to reconsider. 
This paper provides proposal on the EVM equalizer spectrum flatness for modulation higher than QPSK for FR2.
2 Discussion

EVM parameters are agreed in early RAN4 meeting for MPR simulation, it is based on the EVM equalizer spectrum flatness which defines the ripple level in the operating channel before EVM measurement. For FR2, TS 38.101-2 approved transition frequency gap and maximum ripple relaxation which are as below: 
Table 6.4.2.4.1-1: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)
	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ X MHz and FUL_High – FUL_Meas ≥ X MHz 

(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < X MHz or FUL_High – FUL_Meas < X 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 channel edges

NOTE 3:
X, in MHz, is equal to 20% of the CC bandwidth


Table 6.4.2.4.1-2: Minimum requirements for EVM equalizer spectrum flatness (extreme conditions)
	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ X MHz and FUL_High – FUL_Meas ≥ X MHz 

(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < X MHz or FUL_High – FUL_Meas < X MHz 

(Range 2)
	16 (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 channel edges

NOTE 3:
X, in MHz, is equal to 25% of the CC bandwidth


As can be seen in the tables, EVM equalizer spectrum flatness is divided into 2 ranges. Range1 is in middle part of the channel as 60% for normal conditions and 50% for extreme condition. The rest part of the channel is defined as range 2. Since the high SU and wider bandwidth on FR2, the maximum ripple for range 2 is relaxed to 12dB and 16dB respectively for different conditions compared with definition on FR1.
But for range 1, EVM equalizer spectrum flatness remains the value as 4dB as in FR1 and LTE. In fact, wider bandwidth will have much effect on the maximum ripples for range 1. Since frequency response curve of the RF or analogue component have the unflatness character, the ripple will increase with the bandwidth extends. It can be seen in Fig 1. As the maximum channel bandwidth on FR2 in 400MHz, 4 times of that on FR1, the flatness for range 1 of the channel bandwidth would be definitely higher than that on FR1, which is the decided by limitation of the RF or analogue component.
Observation 1: EVM equalizer spectrum flatness is divided into 2 ranges. The maximum ripple for range 1 remains 4dB as LTE or NR on FR1. Limited by RF or analogue component character, flatness will increase when the channel bandwidth extends.
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Fig 1 Comparison on the spectrum flatness on FR1 and FR2 with different channel bandwidth

Spectrum flatness is related to the filter character, we can see that higher SU leads to steeper roll-off requirement which actually affect the flatness parameter in the pass band, but the steep roll-off actually have influence on EVM by phase variation, so it is difficult to reach steep roll off at stop-band, low EVM and small flatness simultaneously. Furthermore, the flatness parameter also depends on the entire circuit design with consideration on every stage and the matching network. For a larger channel bandwidth definition, there is much more implementation difficulties compared with that on FR1.
With above consideration, we propose to relax the spectrum flatness parameter with 1dB in frequency range 1.
In last meeting, NW vendor have concern on the relaxation for pass band flatness in the channel. In fact, 1dB relaxation will not affect any performance on gNB. The equalizer on BS side will deal with the flatness together with the variation on wireless channel. 
Observation 2: 1dB relaxation for EVM flatness on range 1 will not affect any performance on gNB because equalizer on BS side will deal with the flatness together with the variation on wireless channel.

Proposal: The Maximum ripple for FR2 should be relaxed 1dB in frequency range 1 for normal conditions and extreme conditions, and the value for frequency range 2 remain the same, which are as in Table 2 and Table 3.
Table 2: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)
	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ X MHz and FUL_High – FUL_Meas ≥ X MHz 

(Range 1)
	5 (p-p)

	FUL_Meas – FUL_Low < X MHz or FUL_High – FUL_Meas < X 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 channel edges
NOTE 3:
X, in MHz, is equal to 20% of the CC bandwidth


Table 3: Minimum requirements for EVM equalizer spectrum flatness (extreme conditions)
	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ X MHz and FUL_High – FUL_Meas ≥ X MHz 

(Range 1)
	5 (p-p)

	FUL_Meas – FUL_Low < X MHz or FUL_High – FUL_Meas < X MHz 

(Range 2)
	16 (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 channel edges
NOTE 3:
X, in MHz, is equal to 25% of the CC bandwidth


3 Conclusion

In this contribution we give a proposal to EVM equalizer spectrum flatness for modulation higher than QPSK for FR2:
Observation: EVM equalizer spectrum flatness is divided into 2 ranges. The maximum ripple for range 1 remains 4dB as LTE or NR on FR1. Limited by RF or analogue component character, flatness will increase when the channel bandwidth extends.
Observation 2: 1dB relaxation for EVM flatness on range 1 will not affect any performance on gNB because equalizer on BS side will deal with the flatness together with the variation on wireless channel.

Proposal: The Maximum ripple for FR2 should be relaxed 1dB in frequency range 1 for normal conditions and extreme conditions, and the value for frequency range 2 remain the same, which are as in Table 2 and Table 3.
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