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Introduction
In RAN4#90 and RAN4#90bis, the discussion around technical aspects and considerations for 7-24 GHz was initiated. In [1] and [2], the technology trends for power amplifiers considering different semi-conductor technologies as well as power, PAE and ACLR dependencies based on two different approaches for 22 GHz example frequency was described in detail.
[bookmark: _Ref178064866]In this paper, given the RAN4 agreements on new slightly different example frequencies [3] i.e. 10 GHz, 15 GHz and 20 GHz, the performance dependencies in terms of achievable ACLR, output power and power added efficiency considering OFDM modulated signals is further elaborated.
In [4], general principles for determining the PA performance dependencies is further elaborated and relevant approach considering PA power scaling in AAS context is discussed.
Discussion
In [1], the power amplifier trends for various semi-conductor technologies were presented where the peak saturated power (see Figure 1) and PAE (see Figure 2) trends based on comprehensive analysis of achievable power amplifier performance were shown. The PAE plots have been updated to more clearly indicate the trend vs. frequency with PAE in dB scale. Furthermore, the dataset is in this case restricted to 10-100GHz.
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[bookmark: _Ref4674098]Figure 1	Saturated output power versus frequency for power amplifiers using Silicon transistors (left) and GaAs and GaN transistors (right).
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[bookmark: _Ref4655979]Figure 2 Peak power added efficiency versus frequency for power amplifiers using Silicon transistors (Left) and GaAs and GaN transistors (right).
It should be noted that for all presented characteristics, the results are based on peak power, non-linearized power amplifiers without considering the bandwidth impact to show the trends with respect to frequency for different technologies. The presented characteristic neither consider practical implementation as the achievable average power (RMS) would being ~10 dB lower compared to saturated peak power to fulfill the needed modulation quality (EVM) or possibly necessary linearization range.
As discussed in [2], the current technological capability to achieve a certain average output power level at a prescribed ACLR level for power amplifiers operating in a weakly non-linear regime (e.g. in back-off), the relation between the 3rd order intercept point (IP3) and ACLR can be used. For an OFDM signal with a large number of sub-carriers (more than 10) the average output power as function of targeted ACLR can be calculated from:
.
If the IP3 levels are not available they can be estimated from the 1dB gain compression point, and the average output power can then be calculated as:
.
In figure 3 the peak power added efficiency is plotted versus 1-dB output power compression point (P1dB) for amplifiers operating between 10 GHz to 30 GHz. Considering available data (see figure 1 and 2 and [2]), a reasonable trade-off between linearity and efficiency is achieved around a P1dB of 100 mW (with associated PAE of > 40%). This observation holds regardless of semiconductor technology. In figure 4 the effect on achievable ACLR of the efficiency - linearity trade-off is investigated. Three typical points from the maximum P1dB-PAE trajectory is chosen: P1dB = 10 dBm, 17 dBm and 20 dBm. For each point the ACLR is computed as function of average output power. The PAE numbers given in the figure is indicative of the average PAE resulting from the peak PAE for these example points (40%, 50% and 60%) under the assumption that the amplifiers operate in class-A.
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Figure 3 Peak power added efficiency versus 1dB gain compression point for power amplifiers using Silicon transistors (Left) and GaAs and GaN transistors (right). The data points show power amplifiers operating in the 10 GHz to 30 GHz frequency range.
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Figure 4 Average output power as function of ACLR with PAE as parameter.

To verify the relations between output power vs. ACLR we re-use the results and approach derived earlier for FR2 [5] based on simulations of a GaN and a CMOS PA, both designed for operation around 30GHz. Similar to the FR2 approach where the PA behavior model at 45GHz and 70GHz FR2 proxy frequencies, the nonlinear characteristics were kept with the output power scaled as -20dB/decade while PAE scaled as -6dB /decade, same analysis were performed for 7-24 GHz example frequencies where the results for relation between output power and ACLR as well as ACLR vs PAE for example frequencies of 10 GHz, 15 GHz and 20 GHz are presented in Figure 5 and Figure 6 respectively, but now with PAE scaling as -5dB/decade as supported by the larger data set used in [2]. 
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Figure 5 ACLR versus output power at 10, 15, and 20 GHz example frequencies, and 30 GHz based on 30GHz PA model for reference.
 [image: ]
Figure 6 PAE versus output power at 10, 15, and 20 GHz example frequencies, and 30 GHz based on 30GHz PA model for reference. Constant PAE for CMOS and GaN PA, respectively, also shown. 
As discussed in [4], assuming the DC power as well as the RF power associated with the PAs should be constant per antenna array unit area, the PAE scaling of -5dB/decade can be exploited to a yield a -10dB/decade ACLR scaling. Thus, from 30GHz to [20,15,10] GHz, PAE should improve by [0.9,1.5, 2.4] dB and consequently the ACLR can be improved by [1.8, 3.0, 4.8] dB. 
Considering the 28 dB ACLR for 30 GHz, the possible ACLR for 7-24 GHz example frequencies can be considered as in Table 1.

	Example frequency
	ACLR

	10 GHz
	~33 dB

	15 GHz
	~31 dB

	20 GHz
	~30 dB



These numbers are close to those found in Figure 6 for a constant PAE over frequency.
The analysis is this paper is also applicable for UE PA where a possible difference could be selection of operating point where higher PAE is achieved given constrains on battery consumptions else, similar transmitter considerations and implementation can be applicable for UE where the number of transmitter and array size for BS is significantly larger than for the UE.

Summary and conclusion
In this paper, a detailed analysis around the complex relation between PA output power, ACLR and power efficiency for 7-24 GHz example frequencies is given.
Two different approaches were used to investigate the power, ACLR and PAE dependencies. Considering the thermal aspects, an assumption that the DC power and PAE rather than the RF power associated with the PAs should be constant per antenna array unit area, the results indicate an ACLR improvement compared to 30 GHz case (extensively investigated in rel-15 NR WI) of ~2 dB, ~3 dB and ~5 dB for example frequencies of 20 GHz, 15 GHz and 10 GHz respectively.
Given the limitation in size and the thermal challenge building arrays for AAS BS and UE around the example frequencies, the performance feasibility for relevant semi-conductor technologies investigated in this paper and other important aspects should be considered in combination with co-existence aspects when frequency bands around the example frequency investigated in this paper are under standardization in future WI.
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