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1. Introduction
During RAN4#85 meeting held in Reno a discussion on gNB Tx EVM requirements was being continued. It has been concluded that link level and system level simulation results should be provided to clarify the range of initial requirements for further discussions. However, the way forward document [1] prepared during RAN4#85 was not fully agreeable and therefore simulation studies were impeded due to lack of unified simulation assumptions required to obtain comparable results from different contributors. 
Based on discussions conduced so far and taking into account observations captured in [1] this contribution presents results of system level simulations, to indicate the general impact of gNB Tx EVM on NR DL system performance.
2. Discussion
Points captured in [1] suggest to perform system level simulations according to urban macro scenario from TR38.803 [2]. However, to obtain valuable results which indicate impact of transmitter’s chain impairments and receiver’s chain ability to minimize impact of these impairments on overall system performance, additional assumptions are expected. This missing parameter is link-to-system performance map which allows to reflect impact of link performance degradation, due to EVM, on overall system performance. This map usually indicates, for given receiver type, the available capacity of single link for assumed range of SNR or SINR. 
Due to lack of agreed assumption of link-to-system mapping, outcome of system level simulations can give only general indication of NR DL performance degradation due to gNB Tx EVM. Therefore, final requirements of gNB Tx EVM should be based on link level simulations, where transmitter’s chain impairments contribution to EVM value are modelled in grater details together with receiver’s algorithms of channel estimation.

Observation 1:  Outcome of system level simulations can give only general indication of NR DL performance degradation due to gNB Tx EVM and final requirements of gNB Tx EVM should be based on link level simulations.
Outcome of system level study in this contribution has been obtained according to following steps:

1. System level simulations have been performed according to urban macro scenario of TR38.803 [2]. Statistics of SINR have been captured, where indicates only intra-system interference (adjacent channel interference was not modelled).

2. For the set of modulation orders (QPSK, 16QAM and 64QAM) the channel capacities (in bps/Hz) have been determined based on the Shannon bound and assuming AWGN propagation conditions as well as ideal channel estimation by receiver. Assumed relation between channel capacity and SNR is illustrated on Fig.1.

3. gNB Tx EVM in the range from 0% to 20% has been modelled by the decrease of DL SINR due to degradation of signal power from serving cell. For given value of EVM percentage the modified DL SINR has been determined.

4. For each modulation order and modified DL SINR the average degradation of channel capacity has been calculated in reference to channel capacity for EVM=0%. Results of this calculation are illustrated on Fig. 2. EVM percentage values for which average channel capacity degradation is equal to 5% are listed in Table 1 for all analysed modulation orders.
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Figure 1. Channel capacity assumed in system level studies
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Figure 2. Impact of gNB Tx EVM on system performance degradation
Table 1. System level simulation results

	Modulation order
	QPSK
	16QAM
	64QAM

	EVM at 5% of channel capacity loss
	17.0 %
	14.1 %
	12.3 %


Table 2. EVM requirements for E-UTRA carrier according to TS36.104 [3]
	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %


Direct comparison of obtained system level simulation results and E-UTRA requirements from TS36.104 [3] indicates relaxation of gNB Tx EVM in reference to E-UTRA requirements in case of higher modulation orders (16QAM, 64QAM). Higher modulation orders require better channel conditions (higher SINR) to obtain high efficiency. NR system is expected to ensure higher SINR than E-UTRA due to narrow beam antennas of high gain at Tx and Rx - high antenna gain allows to obtain higher power of serving signal but narrow beam pattern leads to lower interference. This effect is reflected also in performed system level simulations. Therefore, it can be concluded that NR is able to compensate impact of Tx EVM by more efficient power conditions in the channel and allows to relax gNB Tx EVM requirements for higher order modulations in comparison to E-UTRA. However, it should be noted that discussed simulation study has assumed simple model of channel capacity and more detailed assumptions for link-to-system mapping are required to obtain more realistic results. Also link level simulation results are required to confirm and complement findings of final system level studies, when those are available. 

Presented simulation results allow to conclude that NR system performance, from gNB Tx EVM impact point of view, is not expected to be worse than E-UTRA system performance, and even potential relaxation of EVM requirement can be discussed. However, as currently available network equipment is able to ensure EVM level according to E-UTRA specification, relaxation of already achievable parameters does not sound reasonable, especially if those parameters have impact on system performance.  Due to that re-usage of E-UTRA eNB Tx EVM requirements for NR seems to be optimal solution.

Observation 2: To ensure optimal performance of NR system, E-UTRA eNB Tx EVM requirements should be reused for gNB Tx EVM.
3. Conclusion

This contribution includes results of system level simulations for impact of gNB Tx EVM on DL performance degradation in NR system. Based on presented study following observations are made:
Observation 1:  Outcome of system level simulations can give only general indication of NR DL performance degradation due to gNB Tx EVM and final requirements of gNB Tx EVM should be based on link level simulations.
Observation 2: To ensure optimal performance of NR system, E-UTRA eNB Tx EVM requirements should be reused for gNB Tx EVM.
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