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1
Introduction 
The highly anticipated challenges in transceiver local oscillator (LO) generation and phase noise aspects for mm-Wave technologies had been well captured in [1]. It is known that the frequency synthesizer phase noise would increase by 6 dB when the oscillator frequency is doubled. In this contribution, we base on the figure of merit of a frequency synthesizer design and a measured phase noise data from a commercially available 5-GHz transceiver to project the phase noise in mm-Wave spectrum range and discuss its implication to the applicable highest modulation order.                
2
Discussion
Frequency synthesizer has become an essential building block in modern radio transceiver to provide the local oscillator for baseband to RF carrier frequency conversion and vice versa. A frequency synthesizer is usually formed by a voltage controlled oscillator (VCO) and a phase lock loop (PLL) to translate a precise reference clock into the desired carrier frequency. The performance of a frequency synthesizer is often quantified by the so-called Figure-of-Merit (FoM) equations as shown below,
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where LVCO and Lloop represent the phase noise of VCO and PLL in unit of dBc/Hz. LVCO typically dominates the phase noise contribution outside of loop bandwidth, while Lloop leads the phase noise contribution inside the loop bandwidth. If a synthesizer’s FoM and power consumption would be maintained over the output frequency f0, the LVCO and Lloop would both be linearly proportional to the square of f0 as shown below,
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As the LO phase noise impacts the signal quality through reciprocal mixing, the phase noise contribution to EVM or SNR would need to be integrated over the modulation bandwidth, which usually covers both LVCO and Lloop offset frequency ranges. Figure 2-1 presents an LO phase noise profile at 5.5 GHz measured from a commercially available 5-GHz transceiver. By integrating the phase noise from 1 kHz to 40 MHz, the integrated phase error was calculated to be around -45 dBc.
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Figure 2-1 LO phase noise profile at f0 = 5.5 GHz measured from a 5-GHz transceiver  
If the similar synthesizer technology would be applied for different carrier frequency, the integrated phase error performance can be projected based on equations (3) and (4), which is shown in Figure 2-2.
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Figure 2-2 Projected LO integrated phase error performance in mm-Wave range
Based on this analysis, we can foresee that it would be quite challenging for the mm-Wave spectrum range as being considered in 3GPP (24.25 GHz – 86 GHz) to support 256 QAM or further higher order modulation as the EVM contribution from LO phase noise alone could already be worse than -32 dB.   
3
Conclusion
In this contribution, we discussed the potential LO phase noise impact to mm-Wave signal quality and its implication to the applicable highest order modulation.     
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