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1. Introduction 
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]In the last RAN4 meeting, a WF [1] on simulation assumption for NR BS EVM requirements was approved. In this contribution, we provide our simulation results on NR BS EVM performance of frequency range 1 (FR1), and make a proposal.
2. Discussion
CRS have been used for channel estimation in LTE DL. In NR, UE-specific DMRS will be used to estimate the DL channels. The NR DL channel estimation performance compared with LTE would be different due to the different reference signals. So, it’s necessary to evaluate NR DL link performance to check if the EVM values defined for LTE BS can be reused for NR BS. 

2.1 Simulation assumptions
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK38][bookmark: OLE_LINK39]For FR1, RAN1 hasn't finalized the final DMRS patterns yet. In this contribution, we evaluate the EVM impacts together with two selected DMRS density patterns [2] illustrated in Figure 1. The EVM values can be obtained from Table 1 below as per the WF mentioned. In addition, the link level simulation assumptions can be found in Table 2 below.



Figure 1, DMRS pattern assumptions




Table 1, EVM for NR
	Modulation scheme for NR-PDSCH
	Required EVM [%] measured over all allocated resource blocks

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 % 

	256QAM
	3.5 %



Table 2, Link level simulation assumption
	Carrier Frequency
	4GHz

	Channel Model
	PedA

	Bandwidth
	10MHz

	Subcarrier Space
	15KHz

	Coding Scheme
	LDPC

	Code Rate
	[bookmark: OLE_LINK40][bookmark: OLE_LINK41]QPSK 1/5
16QAM 2/5
64QAM 2/3
  256QAM 5/6,

	HARQ
	0


2.2 Simulation results
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK27][bookmark: OLE_LINK28]In the EVM simulation, throughput with target EVM and ideal case (EVM 0) are compared. They are shown in Figure 2 and Figure 3. Figure 2 shows the EVM impacts on throughput performance for NR DMRS Pattern1. It can be observed that with EVM or not, the throughput difference becomes larger with the increase of modulation order. . For DMRS pattern 2 in figure 3, similar performance can be observed. To further check the difference, we list the throughput loss at 95% max throughput over different modulation schemes and DMRS patterns in Table 3. As the simulation results show, the throughput losses are under 5% for both NR DMRS pattern 1 and pattern 2 except the case where 256QAM and DMRS pattern 1 were assumed. So the LTE EVM requirements are tight enough for NR DMRS pattern 2. But for NR DMRS pattern 1, throughput loss of EVM 3.5% at 256QAM is 8.3624% which doesn’t achieve the 5% threshold in our simulation. 
Observation 1: DMRS pattern 1 can’t achieve the 5% threshold and NR DMRS pattern 2 is suggested to be used when consider FR1 NR BS EVM requirements.
And, we propose,
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Proposal 1: If DMRS pattern 2 or denser DMRS pattern is adopted," reuse LTE EVM requirements for FR1 NR BS. If DMRS pattern 1 is adopted, revisit EVM requirements for FR1 NR BS.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK77]Table 3 Throughput loss compared with EVM 0
	[bookmark: OLE_LINK75][bookmark: OLE_LINK76]Modulation [EVM %]
	QPSK[17.5]
	16QAM[12.5]
	64QAM[8]
	256QAM[3.5]

	NR DMRS pattern 1
	1.2869%
	1.2959%
	4.6738%
	8.3624%

	NR DMRS pattern 2
	1.1826%
	1.1380%
	2.9577%
	3.4916%



[image: ]
Figure 2 EVM impacts on throughput performance, NR DMRS Pattern1

[image: ]
Figure 3 EVM impacts on throughput performance, NR DMRS Pattern2
3. Conclusion
In this contribution, we provide our initial simulation results on BS EVM requirements for FR1. From the simulation results, we propose that,
Observation 1: DMRS pattern 1 can’t achieve the 5% threshold and NR DMRS pattern 2 is suggested to be used when consider FR1 NR BS EVM requirements.

Proposal 1: If DMRS pattern 2 or denser DMRS pattern is adopted," reuse LTE EVM requirements for FR1 NR BS. If DMRS pattern 1 is adopted, revisit EVM requirements for FR1 NR BS.
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