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1	Introduction
RAN1 discussed subcarrier spacing and asked RAN4 for feasible sub-carrier spacings per frequency bands [1]. This contribution provides an initial study on EVM for different sub-carrier spacings in a presence of phase noise in mmWave.

2	Discussion
In this analysis, we assume two-stage converting architecture in an mmWave frequency; One LO for RF stage and the other one for IF/BB stage. The figure 1 shows simplified block diagram.
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Figure 1. A simplified block diagram of two-stage converting architecture


The phase noise models in the analysis is shown in Figure 2 (a) for both RF as well as IF stages, and their associated IPN is shown in Figure 2 (b).
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Figure 2. (a) Phase noise models for RF and IF stages (left); (b) IPN for RF and IF stages (right)


As shown in Figure 2, the PN of RF stage is dominant since it is considerably larger than the PN of the IF stage.
The SNR for a phase noise and a carrier spacing is given by the following equation,


where  is PN spectrum,  is carrier spacing.

When EVM is normalized to the square root of the average symbol power, it can be related to the SNR:



In consequence, EVM is a function of a phase noise as well as a carrier spacing. From the equations above, it has to be noted that the spectral shape of phase noise is important and the EVM result would be different for each specific phase noise spectral shape.

Figure 3 shows the impact of the phase noise profile in Figure 2 on EVM with different carrier spacing.
[image: ]
Figure 3. The EVM with different carrier spacing in the presence of the phase noise.


Figure 4 shows a Tx EVM with PA non-linearity and phase noise. Comparing without PN and with -30dBc IPN, there will be 2dB more backoff required from P1dB to meet -25dB Tx EVM due to the phase noise effect. The phase noise impact is more relevant for higher backoff region. For example, there is not much difference in EVM performance in 0 – 2 dB backoff. However, more than 4dB EVM difference was observed at 8dB backoff between -30dBc and -36dBc IPNs.

This is an initial investigation and needs more further study along with other RF impairments, i.e., PA non-linearity, IQ-imbalance, etc.
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Figure 4. Tx EVM with PA non-linearity and PN


Observation 1: The phase noise plays an important role in EVM with different carrier spacing.

Observation 2: Further study on a phase noise impact on EVM is necessary along with other RF impairments to decide subcarrier spacing.

3	Conclusions
In this contribution, we investigated an impact of a phase noise profile on EVM with different carrier spacing, and made following observations:

Observation 1: The phase noise plays an important role in EVM with different carrier spacing.

Observation 2: Further study on a phase noise impact on EVM is necessary along with other RF impairments to decide subcarrier spacing.
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