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1. Introduction
In RAN4#99-e, a way forward on PUSCH 256QAM performance requirements was approved [1]. The remaining issues include the MCS, SCS/CBW combinations and TX EVM, etc. 
In this contribution, we provide our views on these issues for FR1 256QAM.
2. Discussion
MCS 
As per the WF [1], the remaining issues concerning MCS are shown as below:
	· MCS
· Option 1: MCS 22
· Option 2: MCS 24
· Option 3: MCS 20 or MCS 21 if there is testability issue for OTA test



Table 2-1: SNR gain of MCS 22 relative to MCS 24
	SCS
	CBW
	RBs
	TX/RX
	PUSCH mapping type
	MCS 22
	MCS 24
	SNR gain of MCS 22 relative to MCS 24

	
	
	
	
	
	SNR @70% of maximum throughput(dB)
	SNR @70% of maximum throughput(dB)
	

	
	
	
	
	
	Ideal
	Impairment
	Ideal
	Impairment
	

	15kHz
	5MHz
	25
	1T2R
	type A
	19.95
	22.45
	21.77
	24.27
	1.82

	15kHz
	10MHz
	52
	1T2R
	type A
	20.12
	22.62
	22.04
	24.54
	1.92

	15kHz
	20MHz
	106
	1T2R
	type A
	20.69
	23.19
	22.64
	25.14
	1.95

	30kHz
	10MHz
	24
	1T2R
	type A
	20.06
	22.56
	22
	24.5
	1.94

	30kHz
	20MHz
	51
	1T2R
	type A
	20.65
	23.15
	22.59
	25.09
	1.94

	30kHz
	40MHz
	106
	1T2R
	type A
	20.9
	23.4
	22.82
	25.32
	1.92

	30kHz
	100MHz
	273
	1T2R
	type A
	22.52
	25.02
	24.88
	27.38
	2.36



We summarize the SNR gain of MCS 22 relative to MCS 24 as shown in Table 2-1. From the Table 2-1, it is observed that SNR gain of MCS 22 relative to MCS 24 is in range of 1.82-2.36dB. Average SNR gain of MCS 22 relative to MCS 24 is about 2dB.  According to our experience and above simulation results, the MCS drops 1 level, the SNR drops about 0.9dB. So we can conclude that the impairment SNR @70% of maximum throughput (dB) for 15 kHz SCS for 1T2R for MCS 20, 21, 22 and 24 is about 20.65dB, 21.55dB, 22.45dB and 24.27dB respectively. It can be observed that MCS 20, 21, 22 and 24 are all feasible for 256QAM demodulation performance definition. From the perspective of OTA testing, they are all feasible. The SNR @70% of maximum throughput for1T2R for MCS 22 is 22.45dB, so it is sufficient to adopt MCS 22 for 256QAM demodulation.
Proposal 1: To adopt MCS 22 for 256QAM demodulation.

SCS/CBW combinations
As per the WF [1], the remaining issues concerning SCS/CBW combinations are shown as below:
	· SCS and Bandwidth combination
· 15kHz SCS:
·  Option 1: 5MHz and 10MHz
·  Option 2: 5MHz, 10MHz and 20MHz
· 30kHz SCS:
·  Option 1: 10MHz and 40MHz
·  Option 2: 10MHz, 20MHz, 40MHz and 100MHz



For SCS/CBW combinations, 256QAM demodulation is not different from other modulation. The other modulations (QPSK, 16QAM, and 64QAM) testing covers the SCS/CBW combinations: 15 kHz SCS: 5MHz, 10MHz, 20MHz and 30 kHz SCS: 10MHz, 20MHz, 40MHz, 100MHz. So the same SCS/CBW combinations can be adopted for 256QAM demodulation. But if the SCS/CBW combinations for 256QAM are different from the SCS/CBW combinations for other modulations, the closest channel bandwidth lower than widest supported bandwidth for 256QAM testing will be different from that for other modulations testing for some widest supported bandwidth.
Proposal 2: To adopt 15 kHz SCS: Option 2: 5MHz, 10MHz, 20MHz and 30 kHz SCS: Option 2:10MHz, 20MHz, 40MHz, 100MHz for 256QAM demodulation.

TX EVM
As per the WF [1], the agreements and the remaining issues concerning TX EVM are shown as below:
	· Tx EVM
· Option 1: Consider 3.5%Tx EVM modelling for alignment results
· Option 2: Consider 3.5% Tx EVM impact in the impairment results
· Option 2a: add a certain margin on top of the averaged impairment results
· Option 2b: consider it in the impaired results submitted by companies
· Option 3: Not consider 3.5% Tx EVM impact if the target SNR is 20dB or less




Table 2-3: SNR drop for SNR=20 -30dB
	SNR(dB)
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	SNRe (dB)
	19.5
	20.3
	21.2
	22.1
	22.8
	23.6
	24.3
	24.9
	25.5
	26.0
	26.5

	SNR drop(dB)
	0.5
	0.7
	0.8
	0.9
	1.2
	1.4
	1.7
	2.1
	2.5
	3
	3.5






For 3.5% TX EVM, the EVM power , and for noise, the noise power . Final effective SNR can be expressed as .  The SNR drop due to TX EVM equals to , and SNR drop for SNR=20-30dB are shown in Table 2-3.  From Table 2-3, SNR drop due to TX EVM is dependent with MCS. The SNR drop is 0.5dB at SNR =20dB and the SNR drop is 3.5dB at SNR =30dB. As the SNR increases, the SNR drop increases.  Referring to table 2-1, if the MCS 22 is adopted for 256QAM demodulation, the ideal maximum SNR @70% of maximum throughput is about 20 dB, and the SNR drop for SNR=20dB is 0.5dB. But if MCS 24 is adopted for 256QAM demodulation, the ideal maximum SNR @70% of maximum throughput is about 22 dB and the SNR drop for SNR=22 dB is larger than 0.8dB.  The maximum drop due to TX EVM is less than 1dB.  For NR demodulation, the margin for impairment result from all companies [2] is about 2-3dB. So the margin due to TX EVM can be included in the margin for impairment result. It is feasible to consider it in the impaired results submitted by companies.
Proposal 3: Adopt Option 2b: consider it in the impaired results submitted by companies.

3. Conclusion
This contribution provides analysis on PUSCH demodulation requirements for FR1 256QAM. The following proposals are concluded:
Proposal 1: To adopt MCS 22 for 256QAM demodulation.
Proposal 2: To adopt 15 kHz SCS: Option 2: 5MHz, 10MHz, 20MHz and 30 kHz SCS: Option 2:10MHz, 20MHz, 40MHz, 100MHz for 256QAM demodulation.
Proposal 3: Adopt Option 2b: consider it in the impaired results submitted by companies.
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