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1.
Introduction

During the previous RAN4 NR AH meeting a discussion regarding EVM requirements were presented [1].  For E-UTRA the CRS is used as the basis for channel estimations and provided a reference signal for all users within a cell.  For NR no such common signal will exist and the decision has been made within 3GPP to go for user specific DM-RS for estimating the radio channels.
The focus of this contribution is to illustrate the effect of the different DM-RS patterns on EVM, continuing the discussion started in [1].  The remainder of this contribution will focus on sub-6 GHz issues however in a companion paper discussion on mm-wave frequency pertaining to achievable EVM levels such as phase tracking reference symbols and CPE compensation is the emphasis.
2.
Discussion
The intension of this contribution is to highlight the differences between E-UTRA CRS and DM-RS when evaluating EVM.  The overall link performance depends on balancing between the overhead needed for high DM-RS density and suitable channel estimation. 
The comparison in this contribution is with E-UTRA CRS and DM-RS and throughput seen using either RS, but also the EVM experienced by the UE.  One aspect of the reference signals is to aid in channel estimation.  In DM-RS comb 2 a higher density of the reference signals occurs in frequency compared to that of CRS in one instance in time per sub-frame.  In a slow changing channel this may be sufficient for the UE to compensate for the channel noise.  As such, RAN1 has considered not to use comb 4 due to the low density of reference signals in frequency.  
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Figure 1: DM-RS patterns for DL Single layer (Pattern 1 and 2) and with OCC (Pattern 3 and 4)
With a CRS pattern, shown in the figure below, the density of the reference signal is higher in time compared to DM-RS.  By looking at the two reference signal patterns, DM-RS shown in Figure 1 and CRS shown in Figure 2, it can be easily observed that although DM-RS comb 2 provides the density needed in frequency it lacks the density in time that CRS has.
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Figure 2: CRS pattern for DL Single layer
Another aspect that should be considered is the frequency of which the CRS is transmitted.  To gain a better estimate of the channel CRS can be interpolated over time and therefore channel filters can be continuously and automatically adapted.  With the lack of a CRS signal in NR, this gain due to interpolation over time is lost with DM-RS. With CRS these signals could provide for interpolation over time to help give a more accurate picture of the channel especially for scenarios such as high Doppler or at low SINR.  
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Figure 3: Illustration of subframes containing RS (blue) and interpolation period
A CRS is also transmitted whether there is data to be transmitted to a user or not unlike a DM-RS which is only present when data is needed to be transmitted to a user.  As such, the CRS has the benefit of time interpolation over many subframes and in addition as well as having more reference signals in one subframe than a DM-RS pattern.  In that sense using a DM-RS pattern the system would lose the time interpolation both in due to the frequency of reference signal in one subframe but also the frequency of which the reference signal is present.
The EVM requirement is to ensure that the ideal symbols and measured symbols after the equalization is within the minimum limitations to ensure that the ideal symbols to be recovered at the receiver end.  The reference point for EVM is located before the signal enters the channel as shown in the figure below.  
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Figure E.1-1: Reference point for EVM measurement [2]
For each corresponding EVM measurement value based upon the modulation schemes for all allocated resource blocks within a 10ms measurement period.  The following table is the current LTE EVM requirements,  

Table 6.5.2-1: EVM requirements for E-UTRA carrier [2]
	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %


Although the finalization of the DM-RS pattern has not been completed yet in RAN1 and NR WI strict time line performance evaluations are needed to understand the impact on EVM requirements using a DM-RS.  Further study is needed to understand the performance impact without the time interpolation that the E-UTRA CRS provides.  A logical presumption would suggest that the denser option, comb 2, would be needed in order to maintain the equivalent EVM values as required in LTE.  

Although it’s important to study the performance between DM-RS patterns and CRS patterns in a fading channel the E-UTRA EVM, it has already been agreed that EVM requirement should be reused from E-UTRA and as such a priority would be to study the effects of the two patterns in a AWGN channel.  This would help to give clear understanding the effects of DM-RS on EVM.
2.1 Practicality of EVM Measurements
The variety of different DM-RS patterns and densities are evaluated to capture scenarios such as single layer, DL transmission in channels with low or high delay spread or low and high SINR regime, multiplexing scheme, MU-MIMO etc.  It is expected that better performance can be achieved with the comb 2 density for DM-RS.  It may become a more practical and pragmatic solution to choose the densest DM-RS pattern at single layer to base an EVM requirement on.
Additionally, the possible permutations for EVM would be excessive and multiplicatively increasing with number of bandwidths, supported numerologies and DM-RS patterns and challenges for OTA testing considering multiple layers etc, we would propose to use a single layer and single pattern.  As the number of test points are increasing due to OTA testing considerations it may be more reasonable to keep the complexity of the scenarios used for EVM measurement to a minimum to avoid unnecessary testing.  The OTA domain will require more test points than taken today and this added dimension along with frequency and other metrics are needed.  Furthermore as EVM is an RF test a single layer is sufficient to demonstrate the RF capability of the system.
3.
Conclusions

Due to the time scale of NR WI we encourage companies in RAN4 to consider evaluation scenarios using single layer to help make conclusions on an EVM requirement.  Further study is needed to understand the impact of DM-RS pattern densities needed for measurement. compared to E-UTRA CRS.  
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