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1. Introduction

In past RAN4 meetings, discussions on EVM requirement both for FR1 and FR2 continued.  For FR1 discussions on EVM window requirement for normal CP length continued but with no consensus.  For FR2 the discussions for the EVM level have been defined tentative single values for QPSK and 16 QAM modulation.  However, the full requirement remains to be defined both the equalizer and the window is needed to be discussed.  Little to no discussion has been spent on FR2 EVM window.
The intension of this contribution is to highlight the remaining technical issues that need to be discussed to complete the EVM requirement for FR2.
2. Discussion

As work is progressing now to finalize the core specification, settling an overall EVM requirement is needed.  The EVM requirement contains an EVM level, reference point for measurement, basic unit of measurement, modified signal under test, window length, and equalizer.  Together these components make up the overall EVM requirement.  
The minimum EVM requirement level needed for each modulation scheem for PDSCH needs to be finalized for the completion of the core requirement.  The values shown in the table below were kept in a range within [ ] due to the fact that for FR2 phase noise impacts are higher and may effect the requirement EVM level that should be set.

Table 9.6.2.3-1: EVM requirements for BS type 2-O carrier

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	[17.5 – 19]%  

	16QAM
	[12.5 – 14]%  

	64QAM
	[8 – 9]%  


At the time, companies agreed that further investigation on the PN impact and other EVM requirement components need to be studied further, and hence the range was left in [ ] until this was more understood.  With the introduction of higher spectrum utilization in NR and this causing a stricter requirement on spectrum confinement implementations, a reduction of EVM window should be considered compared to the values specified in LTE.  However, it is important to note that too small a window would compromise the robustness against delay spread in multipath environment.  Although within the small window measurement a smaller EVM level may be verified but only for smaller end of delay spreads, for larger delay spreads this cannot be verified.  The impact of this will be for deployment scenarios limitations for an ensured minimum level of signal quality.
2.2 EVM Requirements for FR2
Continued studies amongst companies [1-3] show that the impact of phase noise is higher with the incrase of the modulation, as it is expected.  Simulations show that care needs to be taken for which PT-RS and DM-RS configuration is chosen in order to provide accurate CPE estimation and compensation.  However, the residual intercarrier interference is left, and the impact of that now needs to be taken into account.  The background of the range was defined by lower limit as the value that may be obtained if propoer CPE estimation, with  a careful selection of PT-RS and DM-RS pattern employed.

The DM-RS pattern employed for channel estimation and equalization also needs a good deal of consideration. In addition to causing CPE, phase noise also affects the channel estimation performance, therefore, robust DM-RS pattern needs to be considered together with PT-RS. 
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Figure 2a: TYPE-1 Pattern with 1+1 DM-RS (2 DM-RS symbols)
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                                Figure 2b: TYPE-1 Pattern with 1+2 DM-RS (3 DM-RS symbols)
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In Figures 2a. and 2b, DR-RS patterns of Type-1 with two and three symbols DM-RSs respectively are shown together with PT-RS patterns of different densities. Depending on the severity of the phase noise and the fading channel, for a given EVM value, the receiver performance is dependent on the DM-RS and PT-RS patterns used. 
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Figure 1: 64 QAM, TDL_A channel with 300ns delay spread, 60kHz SCS
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    Figure 2: 64 QAM, TDL_A channel with 100ns delay spread, 120kHz SCS


The higher modulation is more sensitive to distortion, and at FR2 the effect of PN is modelled and studied above.  In order to ensure an adaquate overall performance, the approperiate PT-RS and DM-RS pattern needs to be associated with the minimum EVM requirement level.  In addition, a suitable EVM window and equalizer would need to be defined in conjunction.  
Proposal 1: Adopt DM-RS type 1 pattern with 1+1 (2 symbol) configuration with PT-RS at every OFDM symbol.

Considerations of the residual ICI, for higher modulation schemes would need to be considered.  As such for lower modulations it’s acceptable for the lower limit values to be accepted as EVM requirement levels however for high modulation such as 64 QAM there would be a need to consider a higher level EVM level.
Proposal 2: 64 QAM EVM requirement for 9% 

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	[17.5]%  

	16QAM
	[12.5]%  

	64QAM
	[9]%  


If there are different configurations of DM-RS pattern and PT-RS pattern, along with PN compensation at the equalizer there is a possibility of different EVM levels seen at the measurement.  This would lead to an inaccurate conformance requirement.
2.2 Considerations of 256 QAM for FR2
During online and offline discussions, it was evident that there is currently no consensus on the gain of 256 QAM at FR2 compared to the performance shown by 64 QAM.  In addition to this fact, there has been no agreement to capture phase noise compensation and the associated PT-RS configuration needed at the equalizer.  
As mentioned above, the EVM requirement should be considered in its entirety.  To define an EVM level without first considering the EVM window or equalizer together would be careless.  Current discussions on EVM window which may lead to vastly different EVM levels measured.  For the EVM window, little analysis has been done in this area for FR2 and currently discussions are ongoing for FR1 EVM window length with no agreement.
The overall link performance needs to be considered and in this case a transmit signal quality requirement at the basestation needs to be met with an appropriate receiver sensitivity requirement at the UE.  Both requirements need to be considered when provisioning for the system performance.

Considerations of study for the support of 256 QAM for FR2 requirements on both UE and BS should be done prior to introducing the feature.  A consensus amongst companies that this feature would be beneficial is needed. 
3. Conclusion

In this contribution the following proposals were highlighted:
Proposal 1: Adopt DM-RS type 1 pattern with 1+1 (2 symbol) configuration with PT-RS at every OFDM symbol.

Proposal 2: 64 QAM EVM requirement for 9% 
It has also been highlighted the impact of not setting a requirement for other aspects of EVM with care.  For EVM window an appropriate length needs to be considered to balance the impact due to filter tail length with robustness against delay spread experienced in a multipath environment deployment.  For FR2 the impact of PN is higher for higher modulations and this needs to be considered when CPE compensation is outlined in the EVM equalizer.  

This amount of analysis and work is needed to be completed for the completion of release 15.  As there is currently no consensus amongst companies regarding the benefit of 256 QAM over 64 QAM in FR2, it would be useful to first study this further in RAN4.
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