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1. Introduction
During RAN4#84 meeting Way Forward [1] on UE Tx EVM for mmWave have been agreed, which encourages companies to provide analysis on the impact of potential UE Tx EVM requirements relaxation (in comparison to LTE requirements) on BS demodulation performance in mmWave NR.
In this contribution, we present initial simulation results which show change in BS demodulation performance caused by relaxation of UE Tx EVM value.
2. Discussion
Way forward [1] provides only general parameters needed to perform simulations for mmWave frequency range, i.e. modulation types:
· Pi/2 BPSK

· QPSK

· 16QAM

Additional parameters, i.e. range of UE Tx EVM values for listed modulation types has been determined in Way Forward [2] agreed during RAN4#84 for UE MPR evaluation for mmWave. These ranges can be summarized as presented in Table 1. We are using these UE Tx EVM ranges as starting point in our studies.
Table 1. Ranges of UE Tx EVM values from Option 2 captured in [2]

	Modulation
	EVM

	Pi/2 BPSK
	[35]%

	QPSK
	[17.5 - 28]%

	16QAM
	[12.5 - 17.5]%

	64QAM
	8%

	256QAM
	3.5%


Simulation results presented in this contribution were obtained for following assumptions:
Table 2. Set of simulation parameters used to provide initial results presented in this contribution

	Modulation type
	QPSK
	16QAM

	UE Tx EVM value
	0%; 17.5%, 28%
	0%; 12,5%; 17.5%

	Carrier frequency
	28GHz

	Propagation channel
	AWGN

	Physical channel type
	PUSCH

	TBS
	64 PRBs

	Number of layers
	Rank 2


Table 3 includes initial simulation results obtained for parameters defined in Table 2. Results are presented for each modulation type (QPSK and 16QAM) and for UE Tx EVM > 0%. Used metric is SNR (Signal to Noise Ratio) increase in comparison to SNR level required to obtain the reference point of BER (Bit Error Rate) or throughput under condition of UE Tx EVM = 0%. Results are grouped into 3 categories, for which reference points are determined:
· UL BER without correction coding

·  Reference point: 1% of BER

· UL BER with correction coding

· Reference point: 1% of BER
· UL throughput

· Reference point: Max throughput obtained for TBS=64PRBs

Table 3. Initial simulation results of UL SNR increase for different values of UE Tx EVM

	Metric
	Reference point
	Required SNR increase in comparison to EVM=0% [dB]

	
	
	QPSK
	16QAM

	
	
	EVM=17.5%
	EVM=28%
	EVM=12.5%
	EVM=17.5%

	UL BER without correction coding
	1% of BER
	0.92
	2.69
	2.15
	6.33

	UL BER with correction coding
	1% of BER
	0.23
	0.65
	0.13
	0.28

	UL throughput
	Max throughput obtained for TBS=64PRBs
	0.13
	0.32
	0.07
	0.13


In case of UL BER without correction coding, required SNR increase can be significant, especially for higher values of UE Tx EVM (28% and 17.5% for QPSK and 16QAM respectively). On the other hand, when errors correction coding is applied, required SNR increase is lower than 1dB for all simulated values of UE Tx EVM. Similarly, in case of UL throughput the required increase of SNR also seems to be acceptable from BS demodulation performance point of view. However, it should be noted that presented results are valid only for one set of simulation assumption and further study should be made before final conclusion on UE Tx EVM requirements relaxation is made in RAN4.

Observation 1: For simulation setup presented in this contribution (Table 2), relaxation of UE Tx EVM requirements for mmWave NR seems to be acceptable from BS demodulation performance point of view.
Observation 2: Further study for different simulation setups should be made in RAN4 before final conclusion on relaxation of UE Tx EVM requirements for mmWave NR is made.

Observation 3: RAN4 should conclude on detailed simulation setups before next simulations will be conducted.

Similar link performance studies should also be conducted for downlink to see if similar relaxations were feasible for BS Tx EVM.  

Observation 4: Based on initial UL simulation results presented in Table 3, impacts of similar DL relaxations on DL link performance could also be studied.
3. Conclusion

This contribution presents initial simulation results of the impact of UE Tx EVM requirements relaxation on BS demodulation performance in mmWave NR. Based on presented results, following observations can be made:
Observation 1: For simulation setup presented in this contribution (Table 2), relaxation of UE Tx EVM requirements for mmWave NR seems to be acceptable from BS demodulation performance point of view.

Observation 2: Further study for different simulation setups should be made in RAN4 before final conclusion on relaxation of UE Tx EVM requirements for mmWave NR is made.

Observation 3: RAN4 should conclude on detailed simulation setups before next simulations will be conducted.
Observation 4: Based on initial UL simulation results presented in Table 3, impacts of similar DL relaxations on DL link performance could also be studied.
References
[1] R4-1708813, Way on UE Tx EVM for mmW, Qualcomm
[2] R4-1708814, Way Forward on MPR evaluation for mmW, Qualcomm, Skyworks

3GPP


