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1	Introduction
As part of the study item work, RAN4 agreed that NR BS EVM (Error Vector Magnitude) requirements would be specified for the following cases [1].

· For single numerology case define both average BS Tx EVM requirements over all the PRBs and over 1 PRB for the edge PRBs
· For mixed numerology case define both average BS Tx EVM requirements over all the PRBs of a given numerology and over 1 PRB for the edge PRBs
RAN4#83 approved the WF on the mixed numerology and associated in-band requirements [2]. RAN4 will study the in-band requirement for mixed numerology for synchronization and data channel. It is possible to have no requirements on data and SS with different numerology, even though different numerology on data and SS is supported. 

It was agreed that mixed numerologies for DL and UL data channel from BS perspective can be supported without additional in-band RF requirements compared to single numerology. Also, the spectrum utilization for mixed numerology is FFS.

In this contribution we focus on NR BS EVM requirements in single numerology case. We consider initially the conducted requirements for <6GHz spectrum. During WI RAN4 need to consider also higher frequencies and OTA requirements. 

2	Discussion
Structure of EVM requirement was proposed in [3] and topic discussed further in [4]. As focusing initially on <6GHz conducted requirements we see the LTE values as a good starting point. During the WI RAN4 need to study also OTA requirements considering issues like beamforming, direction range definitions, declarations etc. For <6GHz frequencies both conducted and radiated requirements are needed as in eAAS work. In the frequency range from 24 GHz to 52.6 GHz, only OTA requirements are needed. More studies and simulations are needed before concluding those aspects. Also, the alignment with eAAS work would help to keep the strict timeline.

Document [4] discussed that higher order MIMO transmission will be considered for NR so RAN4 should discuss the lower required EVM values than LTE ones. 

At low carrier frequencies (< 1 GHz), a considerable share of the NR BSs will have high output power. In order to provide it efficiently, the crest factor reduction is the important contributor to the total EVM. Usually, its contribution could be considered larger than phase noise at low carrier frequencies. It is possible to define EVM limits only for environment with excellent SINR. However, if such radio conditions are rather untypical, the EVM limits will be unnecessarily tight in typical deployment. As a result, an unnecessarily large output power reduction will be applied or a bad power efficiency of the transmitter will have to be accepted. In order to avoid these drawbacks, we may prefer to specify the EVM limits for a good performance under typical operating conditions in the field rather than achieving a high peak throughput in very rare cases.

Reference [4] proposed that required EVM values at average over all PRBs and edge PRBs for a certain modulation scheme should be the same from network performance point of view.

This reasoning make sense if only the edge PRB is allocated to a UE. However, in many typical cases, several PRBs may be allocated to a UE. In a similar way as the channel coding corrects the errors resulting from the different PRBs' performance due to frequency selective fading, the channel coding will also be able to correct the errors resulting from the edge PRB's larger EVM  (provided that several PRBs are allocated to a UE). Hence relaxed requirements for the edge PRBs, taking the implementation constraints into account, arereasonable. As compromise we could consider to specify the same requirements for both average and edge PRB as conducted requirement <6GHz. Higher frequencies and OTA requirements require further studies.

Document [4] discusses that edge PRBs EVM will be worse than average one if a certain windowing/filtering method is used to confine the transmit power within a bandwidth. One proposed way to overcome this issue is allowing different power declarations. Regarding declarations we should carefully distinguish the effects of crest factor reduction and spectrum confinement, both of which can cause EVM. The crest factor reduction doesn’t need to affect the edge PRBs too much. Reducing the output power may not be a suitable remedy. However, the mixed numerology and filtering that high spectum usage requires will cause additional EVM at the edge PRBs. If we want to keep the additional EVM at the edge PRBs low, we believe a wide guard band between the different numerologies and avoiding an over-ambitious spectrum usage will be a more promising approach.

As a summary we see the LTE values as a good starting point for conducted requirements for < 6 GHz. In that case, we could consider specifying the same values for both average and edge PRBs. More studies and simulations are needed before concluding the values for OTA requirements and frequency range from 24 GHz to 52.6 GHz.

2.1	Requirement definition proposal


TS 36.104 specifies LTE BS EVM requirements in Section 6.5.2. In our view, a similar EVM definition as for LTE BS is also suitable for NR BS. In the current LTE BS EVM requirements, EVM measurements are always performed for each E-UTRA carrier over all allocated resource blocks and downlink subframes within 10ms measurement periods. For NR it is necessary to define EVM measurement over all the PRBs and over 1 PRB for both of the edge PRBs of a given carrier to ensure even EVM behaviour and performance as discussed and agreed in the NR study. 

In single numerology case the LTE EVM requirements could be extended for NR purposes by adding EVM requirements measured over the first and last PRB. The actual EVM requirement limits for the first and last PRB may be slightly worse from the EVM measurements, which are averaged over wider BW. As starting point for conducted requirements <6 GHz we could consider values to be the same. It is important that EVM requirements of the first and last PRB are also defined for all the same modulation schemes as for EVM requirements measured over all allocated PRBs.

Proposed specification text is:
[bookmark: _Toc472002453]x.y.z	Error Vector Magnitude for single numerology NR carrier (conducted requirements <6 GHz)
The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. The equaliser parameters are estimated as defined in Annex xx. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent. 
[bookmark: _GoBack]For NR, for all bandwidths with single numerology used on a given NR carrier, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks and downlink subframes within [10ms] measurement periods. Additionally, for all bandwidths, EVM measurement shall be performed for each NR carrier over the first and last allocated resource blocks and downlink subframes within [10ms] measurement periods. The boundaries of the EVM measurement periods need not be aligned with [radio frame boundaries*]. The EVM value is then calculated as the mean square root of the measured values. 
The EVM measured over all allocated resource blocks and the first and last resource blocks of each NR carrier for different modulation schemes on NR-PDSCH shall be better than the limits in table x.y.z-1:
Table x.y.z-1: EVM (conducted requirements <6 GHz) for NR carrier with single numerology
	Modulation scheme for NR-PDSCH
	Required EVM [%] measured over all allocated resource blocks
	Required EVM [%] for the first and last allocated resource block

	QPSK
	17.5 %
	17.5 %

	16QAM
	12.5 %
	12.5 %

	64QAM
	8 %
	8 %

	256QAM
	3.5 %
	3.5 %




*Note: Frames and subframes defined in TR 38.802 [5] as a starting point.


3	Conclusions
In this contribution, we propose that the LTE BS EVM requirements are used as basis for NR BS EVM conducted requirements for single numerology NR carrier below 6 GHz by extending the EVM requirements measured over all allocated PRBs with EVM requirements measured over the first and last PRB.

Proposal for NR BS EVM conducted requirements for single numerology NR carrier: 

x.y.z	Error Vector Magnitude for single numerology NR carrier (conducted requirements <6 GHz)
The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. The equaliser parameters are estimated as defined in Annex xx. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent. 
For NR, for all bandwidths, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks and downlink subframes within [10ms] measurement periods. Additionally, for all bandwidths EVM measurement shall be performed for each NR carrier over the first and last allocated resource blocks and downlink subframes within [10ms] measurement periods. The boundaries of the EVM measurement periods need not be aligned with [radio frame boundaries]. The EVM value is then calculated as the mean square root of the measured values. 
The EVM measured over all allocated resource blocks and the first and last resource blocks of each NR carrier for different modulation schemes on NR-PDSCH shall be better than the limits in table x.y.z-1:
Table x.y.z-1: EVM (conducted requirements <6 GHz) for NR carrier with single numerology
	Modulation scheme for NR-PDSCH
	Required EVM [%] measured over all allocated resource blocks
	Required EVM [%] for the first and last allocated resource block

	QPSK
	17.5 %
	17.5 %

	16QAM
	12.5 %
	12.5 %

	64QAM
	8 % 
	8 % 

	256QAM
	3.5 %
	3.5 %
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