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Introduction
In [1], we presented co-existence analysis that shows that an ACLR performance of -16 dBc is required at the UE. This paper supports that conclusion with lab measurements on a mm-wave CMOS power amplifier. The device was designed on a 28nm CMOS process technology. The design extends ideas from prior work in [2]. All lab measurements were taken at 28 GHz, in line with our co-existence simulations.
Based on our RFIC power analysis, we are targeting an output power of 14 dBm. At this operating point, the PAE of the amplifier is 27-28% and our goal is to be as close as possible to PAE’s achieved in sub-6 GHz PA’s for LTE. In the following sections, it will become apparent that at this operating point of PAE and power, the ACLR of of the mm-wave PA will be -16 dBc.
Test Setup
The lab setup and waveform parameters are outlined in the table below.

Table 1: Setup assumptions
	System bandwidth
	100MHz component carrier

	Number of component carriers
	1

	Carrier frequency
	28 GHz

	Guard band overhead
	10% (5MHz at each band edge)

	Cyclic prefix overhead
	7%

	Weighted overlap and add (WOLA) overhead
	2% for ACLR measurements

	Modulation
	QPSK

	Waveform
	OFDM: random bits modulated

	Waveform bandwidth used
	90 MHz (all 1200 REs used)

	ACLR measurement 
	Power in 90 MHz usable frequency of the two adjacent (upper and lower) channel bandwidths, relative to in-band power (dB)


Lab Measurements
ACLR and PAE
Figure 1 shows the measured ACLR in the upper and lower channel bands adjacent to the band of interest. The data shows that, as power increases, the ACLR increases dramatically . At 14 dBm output power, the ACLR reaches a level of  -16 dBc.
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Figure 1 ACLR vs output power
Fig. 2 shows the variation of ACLR versus PAE. We are targeting a minimum PAE of 27 to 28%, and the figure shows that the ACLR operating point is -16 dBc .
[image: ]
Figure 2 ACLR vs PAE

Meanwhile, Fig. 3 shows that the PAE of the PA increases with output power, and at 14 dBm of output power, a PAE of close to 27-28% is achieved.
[image: ]
Figure 3 PAE vs output power

Conclusions
We have presented ACLR and PAE measurements to determine a feasible operating point based on lab measurements of a CMOS power amplifier operating at 28 GHz. The operating point is well aligned with the coexistence simulations in [1].
The analysis show that the ACLR level should be -16 dBc.
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