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1.
Introduction

During the previous RAN4#84bis meeting a discussion regarding EVM requirements. The focus of this contribution is to provide simulation results following the agreed WF guidelines [1].  
The NR reference symbol structure would not be similar to that of E-UTRA and therefore considerations at higher frequencies need to be taken into account.  At millimeter wave frequencies degraded phase noise and common phase error (CPE) can affect overall performance more significantly than LTE frequencies.  As such, the impact of reference signals such as DM-RS and Phase Tracking Reference Signal (PT-RS) will have on achievable EVM levels is needed to be investigated.

2.
Discussion
The Phase Tracking Reference Signal (PT-RS) is designed to be used for estimating one of the two effects of phase noise which is the CPE. The estimated CPE is afterwards used to compensate for the common phase error that is experienced by all the subcarriers across the allocated band.  However, there are ongoing discussions in RAN1 still to propose other uses for PT-RS such as frequency offset compensation or tracking Doppler.  The other aspect to consider is the residual after CPE compensation, the ICI, is left unattended such that at low subcarrier spacing and higher carrier frequencies, the performance degradation is significant. It is known that phase noise grows a function of carrier frequency. Given these aspects, the PT-RS and other RS patterns, which have not been decided by RAN1, used to compensate for distortions as a results of phase noise and improve signal quality would play a role in determining EVM requirement.
2.1 Time Density and Frequency Density Patterns
The following PT-RS pattern shown in Figure 1 has been considered in the simulations, note that the middle pattern (every second symbol) is the default density prior to RRC configurations.  
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Figure 1
PT-RS patterns (green) for DL with various symbol time density.
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Figure 2: DM-RS configuration (blue) (front loaded only)
The distribution of the RS shown in Figure 1 is related to time density aspects.  Given one of the above three patterns, a frequency density is chosen on PRB level. That is, PT-RS every PRB or 2nd PRB or 4th … etc.  The discussion in RAN1 has continued since [2] and now only distributed pattern will be supported and therefore localized will not be considered further.  There is an optimum configuration between RS density to enable good channel estimation and phase noise compensation, however with some situations additional RS may not provide any additional information needed for channel estimation or phase noise compensation.
The main discussion within this contribution is to understand the impact of phase noise on the overall link performance.  Different PT-RS patterns (Pattern 1, Pattern 2, or Pattern 4) may be used to mitigate the phase noise experienced.  At FR2 phase noise may make up for the largest part of the overall EVM budget, other TX impairments need to be considered in the overall EVM level.  

2.2 Link Level Simulation Results

As agreed in the WF, comparison to EVM 0% is studied from a link level perofrmance perspective as well as sytem simulations.  The following is a set of simulations for rank 1 system with QPSK, 16QAM, 64 QAM modulation orders over TDL_A channel and 30GHz carrier frequency. 
The link evaluation considered are based on a transmission from a Tx with evm arising from phase noise [4] and other sources of impairments is considered. Comparision of throughput peformances for each modulation orders shown in the figures below is based on the following three basic assumptions.

1. Transmission with no phase noise but with evm arising from other Tx impairments. 

2. Transmission with evm arising from phase noise and other additional impairments but no CPE compensation employed at the Rx.

3. Transmission with evm arising from phase noise and other additional impairments where PT-RS based CPE compensation is applied at the Rx.  

For a given modulation order, the evm levels arising from other Tx side impairments other than phase noise are the same in all three scenarios. Additionally, the measured evm level at the Tx due to phase noise is after CPE compensation. PT-RSs are added on all scenarios so that all scenarios carry identical overhead. 
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Transmission with phase noise without CPE compensation, PTRS pattern 4

Transmission with phase noise with CPE compensation, PTRS pattern 4
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Figure 3: QPSK, TDL_A channel with 300ns delay spread, 60kHz SCS 
Figure 4: 16QAM, TDL_A channel with 300ns delay spread, 60kHz SCS 
The throughput curve for QPSK in Figure 3 considers 15% evm due to other impairment sources other than phase noise while the phase noise level was set to be equivalent to an 8% evm. Figure 4 shows throughput curve for 16-QAM where a 10 % evm due to other Tx impairments was considered while the evm level due to phase noise was set to be  6 %. 
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Figure 5: 64 QAM, TDL_A channel with 300ns delay spread, 60kHz SCS 
Figure 6: 64 QAM, TDL_A channel with 100ns delay spread, 120kHz SCS 
Figure 5 and Figure 6 show throughput curves for 64 QAM where 60kHz SCS and 120 kHz SCS was employed respectively. Identical evm levels are added in both Figures where a 6% evm due to other impairments while the phase noise level added correspondes to 4% for the 60kHz SCS and 3.6%  for 120kHz SCS. It should be noted that, for a given phase noise level, the level of destortion on the signal decreases as the subcarrier spacing increases. While for a given phase noise level, as the modulation order increases, the distortion on the signal due to phase noise increases. 
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Figure 7: 64 QAM, AWGN channel, 60kHz SCS
Figure 7 shows throughput curves for 64 QAM under AWGN channel for 60kHz SCS where a 6% evm due to other sources of impairments and 4% evm due to phase noise was considered.

Based on the observation in all the above figures, for the levels of added phase noise, all the PT-RS patterns (Pattern 1, Pattern 2, Pattern 4) result in almost identical CPE compensation peformance where the throughput after CPE compensation is close to the throughput with no phase noise. Given that PT-RS Pattern 4 containes less overhead and thus slightly higher throughput as a result.  It is therefore the recommendation to use pattern 4 if considering a PN model or similar described [4]. 
Moreover, based on the evaluations, the contribution also proposes a range for evm requirements for RAN4 considerations which shown in Table 1 below for the different modulation orders in FR2 and are listed relative to the corresponding requrements in LTE.  
Table 1: EVM Budget Derivation

	Modulation scheme for PDSCH
	EVM [%] contribution to PN
	EVM [%] used in LTE
	Overall range for Required EVM [%]

	QPSK
	8%
	17.5%
	[17.5 – 19]%  

	16QAM
	6%
	12.5%
	[12.5 – 14]%  

	64QAM
	4%
	8%
	[8 – 9]%  


The overall required EVM shown in Table 1 is implemented in [3] on the condition of agreement in RAN4 with the condition of DM-RS and PT-RS pattern should be specified.  Although all PT-RS patterns provide similar link performance, pattern 4 should be specified based upon the PN model used in the analysis.
3.
Conclusions
In conclusion, this paper has analyzed the link level performance of different modulation orders under various levels of evm arising from Tx side phase noise and impariments from other sources. It is shown that with PT-RS Pattern 4 which results in less overhead the CPE estimation and compensation peformance is as good as the most dense PT-RS pattern (Pattern 1) and therefore should be the pattern that is selected most frequently. More importantly, this contribution proposes a range for the % evm requirement for QPSK, 16-QAM and 64-QAM modulation orders relative to the specified evm requirements in LTE. 
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