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1. Introduction
RAN1 started WI for high capacity stationary wireless link and 1024QAM [2] in April meeting and sent out LS to RAN4 [1]. LS asks RAN4 following questions regarding Tx and Rx EVM for 1024QAM for PDSCH. 
· RAN1 would like to ask RAN4 what Rx EVM range RAN1 should consider for further evaluations.

· RAN1 would also like to ask RAN4 what Tx EVM range RAN1 should consider for further evaluations
In this contribution, we provide simulation results to evaluate the impact of Tx and Rx EVM on 1024QAM PDSCH demodulation performance and provide our proposal for RAN4’s LS response. 
2. Simulation assumption
In order to evaluate PDSCH demodulation performance with 1024QAM, we assumed following for 1024QAM modulation. 
· Gray mapping

Extended gray coding for 256QAM to 1024QAM where 10 binary bits [image: image2.png](bi by .b; 40,
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· MCS/TBS table

We assumed a new MCS table shown in table 1 with two explicit entries for 1024QAM. 

Table 1. 1024QAM MCS table

	MCS
	Modulation
(Rel-14)
	TBS for 100 RBs
(Rel-14)
	New Modulation
(proposed)
	TBS for 100 RBs
(proposed)

	0
	QPSK
	2792
	QPSK
	10296

	1
	QPSK
	4584
	QPSK
	14112

	2
	QPSK
	7224
	16QAM
	17568 

	3
	QPSK
	10296
	16QAM
	19848

	4
	QPSK
	14112
	16QAM
	22920

	5
	16QAM
	17568 
	16QAM
	25456

	6
	16QAM
	19848
	16QAM
	28336

	7
	16QAM
	22920
	16QAM
	30576

	8
	16QAM
	25456
	64QAM
	32856

	9
	16QAM
	28336
	64QAM
	36696

	10
	16QAM
	30576
	64QAM
	39232

	11
	64QAM
	32856
	64QAM
	43816

	12
	64QAM
	36696
	64QAM
	46888

	13
	64QAM
	39232
	64QAM
	51024

	14
	64QAM
	43816
	64QAM
	55056

	15
	64QAM
	46888
	64QAM
	57336

	16
	64QAM
	51024
	64QAM
	61664

	17
	64QAM
	55056
	64QAM
	63776

	18
	64QAM
	57336
	256QAM
	66592

	19
	64QAM
	61664
	256QAM
	71112

	20
	64QAM
	63776
	256QAM
	73712

	21
	256QAM
	66592
	256QAM
	78704

	22
	256QAM
	71112
	256QAM
	81176

	23
	256QAM
	73712
	256QAM
	84760

	24
	256QAM
	78704
	256QAM
	97896

	25
	256QAM
	81176
	1024QAM
	105528

	26
	256QAM
	84760
	1024QAM
	119816

	27
	256QAM
	97896
	QPSK
	n/a (HARQ repeat)

	28
	QPSK
	n/a (HARQ repeat)
	16QAM
	n/a (HARQ repeat)

	29
	16QAM
	n/a (HARQ repeat)
	64QAM
	n/a (HARQ repeat)

	30
	64QAM
	n/a (HARQ repeat)
	256QAM
	n/a (HARQ repeat)

	31
	256QAM
	n/a (HARQ repeat)
	1024QAM
	n/a (HARQ repeat)


2.1. Tx EVM simulation results
40dB Rx EVM is assumed in simulation to evaluate the impact of Tx EVM. Tx EVM is modeled as AWGN noise added to the transmit waveform. Rx EVM is modeled by IQ mismatch. For 40dB Rx EVM, we used gain mismatch of 0.94dB and phase mismatch of 1 degree. Figure 1~3 show simulation results for AWGN, EVA5 and TDL-D channel with nominal delay spread. TDL-D channel is Rician fading channel specified by RAN1 for NR link level performance study [3].  Table 1 summarizes CINR boundary where 1024QAM with MCS 25 and 26 can provide higher throughput. From the simulation results, we can observe that
· In EVA5 channel, CINR to benefit from 1024QAM is extremely high and requires very good Tx and Rx EVM. 1024QAM with MCS 26 cannot provide better performance than 256QAM. 
· In AWGN or Rician fading channel, i.e., TDL-D channel, 1024QAM can outperform 256QAM in broader CINR range. For 1024QAM with MCS 25, even 3% Tx EVM seems to be acceptable. For 1024QAM with MCS 26, it seems that 2% or better Tx EVM is desirable to avoid too high operating CINR

Proposal 1. Recommend 2% Tx EVM to RAN1 as typical Tx EVM assumption in RAN1 evaluation.  

Table 1. CINR boundary for 1024QAM gain (Tx EVM sweep)
	Propagation channel
	MCS
	3% Tx EVM
	2.5% Tx EVM
	2% Tx EVM
	1.5% Tx EVM

	AWGN channel
	MCS 25
	28.4 dB
	27.8 dB
	26.9 dB
	26. 9dB

	
	MCS 26
	34.6 dB
	32.0 dB
	30.8 dB
	29.9 dB

	EVA5 channel
	MCS 25
	N/A
	38.6 dB
	37.8 dB
	37.2 dB

	
	MCS 26
	N/A
	N/A
	N/A
	N/A

	TDL-D channel
	MCS 25
	29.6 dB
	28.9 dB
	28.5 dB
	27.9 dB

	
	MCS 26
	35.7 dB
	33.2 dB
	31.9 dB
	31.1 dB
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Figure 1. Tx EVM evaluation in AWGN channel
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Figure 2. Tx EVM evaluation in EVA5 channel
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Figure 3. Tx EVM evaluation in TDL-D channel

2.2. Rx EVM simulation results

1% Tx EVM is assumed in simulation to evaluate the impact of Rx EVM. Tx EVM is modeled as AWGN noise added to the transmit waveform. Rx EVM is modeled by IQ mismatch. Figure 4~6 show simulation results for AWGN, EVA5 and TDL-D channel with nominal delay spread. Table 2 summarizes CINR boundary where 1024QAM with MCS 25 and 26 can provide higher throughput. From the simulation results, we can observe that

· In EVA5 channel, CINR to benefit from 1024QAM is extremely high and requires very good Tx and Rx EVM. 1024QAM with MCS 26 cannot provide better performance than 256QAM. 

· In AWGN or Rician fading channel, i.e., TDL-D channel, 1024QAM can outperform 256QAM in broader CINR range. For 1024QAM with MCS 25, even 30dB Rx EVM seems to be acceptable. For 1024QAM with MCS 26, it seems that 36dB or better Rx EVM is desirable to avoid too high operating CINR

Proposal 2. Recommend 36dB Rx EVM to RAN1 as typical Rx EVM assumption in RAN1 evaluation.  

Table 2. CINR boundary for 1024QAM gain (Rx EVM sweep)

	Propagation channel
	MCS
	30dB Rx EVM
	33dB Rx EVM
	36dB Rx EVM
	40dB Rx EVM

	AWGN channel
	MCS 25
	28.8 dB
	27.4 dB
	26.9 dB
	26.8 dB

	
	MCS 26
	35.3 dB
	31.4 dB
	29.9 dB
	29.8 dB

	EVA5 channel
	MCS 25
	N/A
	N/A
	36.6 dB
	36.5 dB

	
	MCS 26
	N/A
	N/A
	N/A
	39.1 dB

	TDL-D channel
	MCS 25
	29.8 dB
	28.7 dB
	28.0 dB
	27.8 dB

	
	MCS 26
	36.6 dB
	32.5 dB
	31.3 dB
	30.7 dB
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Figure 4. Rx EVM evaluation in AWGN channel
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Figure 5. Rx EVM evaluation in EVA5 channel
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Figure 6. Rx EVM evaluation in TDL-D channel
3. Conclusions

In this contribution, we provided simulation results to evaluate the impact of Tx and Rx EVM on 1024QAM PDSCH demodulation performance. Our proposals are 

Proposal 1. Recommend 2% Tx EVM to RAN1 as typical Tx EVM assumption in RAN1 evaluation.  

Proposal 2. Recommend 36dB Rx EVM to RAN1 as typical Rx EVM assumption in RAN1 evaluation.  
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