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Introduction 
During RAN4#80bis, a discussion on mm-wave technologies including the mm-PA technologies and their capabilities with respect to achievable ACLR was initiated [1, 2 & 3]. in the context of that analysis, thus far only the achievable ACLR for 30 GHz has been discussed. There is a need to discuss and conclude on the ACLR for 45 GHz and 70 GHz respectively since ACLR indirectly and the corresponding spectrum emission mask up to 84GHz is one of the requested compatibility parameters towards ITU-R.
In this paper, based on the analysis for 30 GHz ACLR and the characteristics of different PA technologies over frequency, an estimate of the achievable ACLR at 45 GHz and 70 GHz considering technology constraints is presented.
When replying to ITU-R, it is important not just to consider the outcome of the co-existence studies, but also the realistically achievable ACLR.  
It is also important to consider TRP as proper metric for ACLR which has been extensively discussed in previous RAN4 meetings [4&5].

Discussion
In RAN4#79 the characteristics and relation between essential power amplifier metrics such as output power, ACLR and power efficiency was presented. In RAN4#80bis, a comprehensive set of generalized memory polynomial PA models for both sub-6 GHz as well as mm-waves were captured in the TR appendix.
In RAN4 #80bis the relation between achievable output power, ACLR, and efficiency was presented 30 GHz for ACLR values  around 30dB. 
Even though similar technologies are used for BS and UE, for ACLR and also emission mask requirements, it is important to consider different values for UE compared to BS due to need for higher UE power efficiency in relation to battery consumption.
Proposal 1:
For mm-wave frequencies, even though similar technology can be used for BS and UE, the ACLR values should be different as for the UE, the need for higher power efficiency should be considered.
Considering the presented ACLR results for 30 GHz and the power amplifier characteristics over frequency and the agreement above, achievable ACLR values for the BS for 45 GHz and 70 GHz respectively are presented in the sub-chapters below.
PA trends versus frequency
In [1], some detailed insight into power amplifier essential metrics such as output power and Power Added Efficiency (PAE) were presented. It was shown that, power amplifier performance generally degrades with increasing frequency e.g. power capability of power amplifiers for a given integrated circuit technology roughly degrades by 20 dB per decade as well as the frequency dependent decay in PAE. The PAE data refers to operation at saturated output power, and this only serves as a reference point for comparison but is by no means indicative of the PAE that is achievable when operating on modulated signals. 
Figure 1 shows peak output power versus frequency based on the same data as in [1] but now zoomed in to the frequency range 1-100GHz and only for CMOS and GaN technology (assumed to be the preferred choice for mmW PA implementation). The -20dB/decade slope is indicated by the dashed line. The published PAs used in figure 1 have been designed with different target specifications in mind and (considering also the limited number of sampled PAs in this frequency range) it is not sufficient to accurately verify the -20dB/decade slope. There are however well established fundamental limitations that predict this behavior (Johnson limit) and it is also assumed in the commonly referenced International Technology Roadmap for Semiconductors [6].

Figure 1 Power amplifier peak output power versus frequency for various semiconductor technologies. The dashed line illustrates the observed reduction in power capability versus frequency (-20 dB per decade). The data points are taken from an internal Ericsson survey of published microwave and mm-wave power amplifier circuits.
Figure 2 shows power added efficiency (PAE) at peak output power based o same data as in [1] but now zoomed in to the frequency range 1-100GHz and only for CMOS and GaN technology. In contrast to peak output power there is no simple and fundamental relationship between PAE and frequency as it depends on a multitude of parameters and design choices. However, it is well understood that for increasing frequency the performance of PAs will be increasingly determined by passive circuit elements (designed as well as parasitic) that inevitibly will see increasing losses. Based on there sampled PAs in figure 2 a reasonable PAE degradation is 6dB/decade as indicated by the dashed line. Note that reported PAE levels generally do not include losses in front-end components such as switches and filters.



Figure 2 Power added efficiency at peak output power versus frequency for various semiconductor technologies. The data points are taken from an internal Ericsson survey of published microwave and mm-wave power amplifier circuits.


Achievable ACLR for 45 GHz and 70 GHz frequency ranges
To estimate attainable ACLR for 45 GHz and 70 GHz the PA models from [1] are re-simulated with output power and PAE degraded according to the discussion above with a regular CP-OFDM input signal (without crest factor reduction). The frequency-dependent degradation is specified in table 1.
	
	30 GHz
	45 GHz
	70 GHz

	Output power degradation
	0 dB
	3.52 dB
	7.36 dB

	PAE degrdation
	0 dB
	1.06 dB
	2.21 dB


Table 1 Power and PAE degradation vs. frequency.
  
In Figure 3 where the relation between output power and ACLR is given, there is a 5dB reduction in output power for a given ACLR when going form 30GHz to 70GHz.  Alternatively, for a given output power there is a 15dB drop in ACLR when going from 30GHz to 70GHz.
In Figure 4 where the relation between ACLR and PAE is given, for ACLR<35dB and for a given PAE in this ACLR range, going from 30GHz to 70GHz, corresponds to roughly 6dB worse ACLR.
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Figure 3 Simulation of CMOS and GaN power amplifier models showing ACLR as a function of output power for three different frequencies.
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Figure 4 Simulation of CMOS and GaN power amplifier models showing PAE as a function of ACLR for three different frequencies
For a reasonable trade-off between output power, ACLR and PAE for example frequency ranges of of 30 GHz, 45 GHz and 70 GHz, the following proposal should be adopted
Proposal 1:
BS ACLR level of 30, 27 and 24 dB for example frequency ranges of 30 GHz, 45 GHz and 70 GHz respectively should be adopted.

Conclusion
In this paper, we elaborate more on mm-wave ACLR covering achievable levels at 45 GHz and 70 GHz respectively. Based on the previous discussions in relation to ACLR for 30 GHz and the power amplifier important performance characteristics over frequency, achievable BS ACLR values for 45 GHz and 75 GHz of 27 dB and 24 dB respectively were presented.
Similar to the discussions in relation to ACLR for 30 GHz, the achievable typical values for ACLR shown in this paper should be taken to account in addition to co-existence study results before concluding the parameter values for ITU-R.
We thus propose the following:
Proposal 1:
For mm-wave frequencies, even though similar technology can be used for BS and UE, the ACLR values should be different as for the UE, the need for higher power efficiency should be considered.

Proposal 2:
BS ACLR level of 30, 27 and 24 dB for example frequency ranges of 30 GHz, 45 GHz and 70 GHz respectively should be adopted.
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