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1 Introduction
WF on NR BS EVM was discussed in last RAN4 meeting in [1]. In the WF, EVM requirements measured over edge PRBs is FFS. This contribution provides our consideration on edge RB EVM. 
2 Discussion

The discussion on edge RB EVM can be traced back to SI. At that time, the spectrum utilization for different CBW and SCS was not decided yet. In last RAN4 meeting, the WF on spectrum utilization was agreed. From the RB numbers determined for different CBW and SCS, it is observed that the spectrum utilization in [2] can be achieved no matter filtering or windowing are utilized. The agreement on edge RB in SI is not suitable based on the progress in WI after further study and discussion. A similar example also happens for spectrum utilization. We agreed that the SU should be larger than 90% for NR, but the values for some CBW and SCS are already below 90% now. 
Observation 1: SI conclusion cannot be automatically honored in the WI phase without further study.
EVM is used as a metric to evaluate the transmitted signal quality. Based on the methodology for deriving E-UTRA EVM BS requirements [3], the principle of defining EVM requirement is to meet 5% average system Tput loss criteria. Thus the time-frequency averaging method is adopted for the EVM measurement [4]. Specifically for E-UTRA, the EVM requirement is defined as that the measurement shall be performed for each E-UTRA carrier over all allocated resource blocks and downlink subframes within 10ms measurement periods. The same principle is still valid for NR, i.e. the system throughput loss shall be evaluated on all RBs over the carrier, which includes consideration of realistic deployment scenario and RF implementation impairments. 
Observation 2: Measuring BS EVM over edge RB does not reflect the system throughput loss but just burden the test with an unnecessary measurement case. 

On the other hand, some companies suggest to define the spectrum utilization and corresponding requirement based on windowing. The assumption using 2% window length can be found in some contributions. It is noted that the same assumption is used in evaluation for both UE and BS sides. However, it is noted that the BS RF requirements are more stringent than that of UE. From the network perspective, multi-RAT is an important scenario to be considered, so we use the MSR UEM requirement as in Table 1 for the EVM evaluation based on windowing. 
Table 1 Wide Area BS operating band unwanted emission limits
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement 
	Measurement bandwidth

	0 MHz ( (f < 0.2 MHz
	0.015MHz ( f_offset < 0.215MHz 
	-14 dBm
	30 kHz 

	0.2 MHz ( (f < 1 MHz
	0.215MHz ( f_offset < 1.015MHz
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	30 kHz 

	
	1.015MHz ( f_offset < 1.5 MHz 
	-26 dBm
	30 kHz 

	1 MHz ( (f ( 

min( 10 MHz, (fmax) 
	1.5 MHz ( f_offset < 

min(10.5 MHz, f_offsetmax)
	-13 dBm
	1 MHz 

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	-15 dBm 
	1 MHz 


The most stringent requirement for windowing comes from the carrier edge rejection. In this case, -14dBm/30kHz needs to be fulfilled. Considering 5MHz CBW, if the output power is 43dBm, at least 35dBc rejection needs to be realized at the antenna connector, which includes the impact from both analog part and digital part. For BS implementation, besides the PA non-linearity, phase noise impact, CFR also contributes a lot to the degradation of EVM requirement. In order to minimize the effect caused by baseband waveform, usually additional 10~15dB rejection should be considered in BS implementation for the waveform rejection. It is worth noting that in the real network, BS may use larger output power to enhance the coverage in some scenarios, which results in larger rejection requirement at the antenna connector. Here we just use 45 dBc rejection requirement for the baseband waveform evaluation, however, we should keep those implementation considerations in our mind that larger baseband rejection could be needed for real BS design. 
Figure 1 provides the rejection capability of windowing for the baseband waveform. 
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Figure 1 Window rejection capability at the baseband
From the simulation, we see that in order to achieve 45 dBc rejection, the window length would occupy 80% of the total CP for a symbol. If we use the same parameters as E-UTRA for the same CBW in the measurement, the EVM caused by baseband waveform would exceed 4%, not to mention that the RF impairments and CRF will further depredate the EVM requirement. The results can be found in Figure 2. 
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Figure 2 EVM caused by windowing at the baseband
It was also observed in some contributions that with 2% window length, larger spectrum utilization cannot be realized for some CBW [5]. Furthermore, long windows used to achieve the required rejection at baseband can degrade EVM and cause ISI issue. 
Observation 3: Windowing itself cannot fulfill the EVM requirement with stringent BS operating band unwanted emission requirement even for average EVM.
The main reason that windowing cannot fulfill the EVM requirement is because of the stringent OOB BS requirement. In such case, some companies also mentioned that a channel filter or block filter should be considered as well. With filtering, uneven EVM distribution is a natural outcome, and there were lots of evaluations for EVM during the study of E-UTRA. The existing EVM requirement can be guaranteed by filtering. 
Figure 3 shows the EVM evaluation for LTE spectrum utilization. 
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Figure 3 EVM evaluation for LTE SU

From the evaluation, we see that to meet the spectrum emission mask requirement, filtering can fulfill 3.5% EVM of 256QAM for all RBs. It is worth noting that filtering is a common implementation for LTE BS. 

Figure 4 shows the EVM evaluation for NR spectrum utilization. 
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Figure 4 EVM evaluation for NR SU
It can be seen from above evaluation that filter with 127 taps can meet NR spectrum utilization with similar EVM value as that for LTE for the same CBW. Uneven EVM across the CBW is a natural phenomenon for filtering, but it doesn’t mean filtering cannot meet the specific EVM value even at edge RB. Specifically, as discussed above, windowing itself is not enough to meeting the EVM requirement with constraint of system performance requirement, e.g. long window should be avoided for the ISI issue, if windowing is utilized as a spectrum confinement technique, at least a channel filter shall be used as well for BS from implementation point of view. Then the EVM distribution across the channel is quite similar as that of E-UTRA. And we know that for E-UTRA, only average system performance matters in defining the EVM requirement. 
The requirement is implementation agnostic, but when we define the requirement, we need to consider the implementation capability, especially considering the RF requirements are more stringent for BS side. Compared to E-UTRA, we don’t see a convincing reason to define an additional EVM requirement for NR. 
3 Conclusion

Some considerations on edge RB EVM are provided in this contribution. 
Observation 1: SI conclusion cannot be automatically honored in the WI phase without further study.
Observation 2: Measuring BS EVM over edge RB does not reflect the system throughput loss but just burden the test with an unnecessary measurement case.

Observation 3: Windowing itself cannot fulfill the EVM requirement with stringent BS operating band unwanted emission requirement even for average EVM.

Based on the analysis and observations, we think that there is no need to define the edge RB EVM requirement. 
Proposal It is proposed not to define the edge RB EVM requirement.
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