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1. Introduction
In [1], the trends for power amplifier semi-conductor technologies in terms of achievable peak saturated power and power added efficiency were presented. In addition, scaling principles for PA RF power over frequency when considering BS based on an antenna array which is the logical BS type for 7-24 GHz instead of a single PA was discussed in [2]. This is necessary to support scaling of PA performance metrics over frequency.
Due to complex dependencies between output power, ACLR/unwanted emission and efficiency, it is important to properly document theses aspects including performance and feasibility during the SI to ensure that proper considerations when WI for standardizing specific frequency bands in 7-24 GHz range is taken. It was described in detail in [3].
The intention with this paper is to propose text to capture the PA power scaling and AAS dependencies for 7-24 GHz.

2. Proposal
It is proposed that the attached text proposal is included in TR 38.820 [4].  
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5.4.2	PA power scaling and AAS dependencies
The power capability  (the maximum level of signal power that can be generated) of a PA is fundamentally governed by the Johnsons’ figure of merit. Once the semiconductor technology has been chosen (CMOS, SiGe, GaN, etc.) for implementing a power amplifier, the power capability  is bounded by  (-20 dB per decade). 
Over the frequency range (7-24GHz) considered, however, it is not enough to consider the power capability of single PA. Rather, it may be justified to assume some sort of multi-antenna arrangement or more specifically an antenna array, at least for the upper part of the frequency range. Figure 5.4.2-1 illustrates a conceptual unit area of an antenna array with N elements and will be used to support the discussion below. Here, the array is a uniform array (equidistant distance between elements) and without lack of generality one PA is associated with respective element. 
One may rightfully say that the antenna element separation  is constant over frequency when measured in wavelengths , e.g. 0.5. Consequently, the antenna separation measured in metric meters will scale as  where  is the target RF frequency for which the antenna array has been designed, and thus the number of elements per unit area  will be  (+20 dB per decade).
The DC power provided to drive one power amplifier is  and the DC power provided to the unit area equals . Correspondingly, the RF power generated by one PA is  where  is the efficiency of the PA, and the RF power generated by the unit area is  (the exact definition of  also includes the PA input signal power but this is left out here for simplicity). 
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Figure 5.4.2-1 Relation between power, number of elements and frequency of operation.
If   and ACLR had been constant over frequency, a constant DC power per unit area (irrespective of frequency) would obviously imply that the RF power per unit area  would also be constant over frequency, as the power capability per PA scales -20 dB/decade while the number of antenna elements scales as +20 dB/decade.
For FR2 ACLR is 28 dB but it is expected that it should improve towards lower frequencies, given the substantially higher ACLR for FR1. The aim of this discussion is to present one such scaling mechanism.
A trend of -5 dB/decade () was identified for  based on empirical data at peak power. It is expected that this scaling also applies when operating in back-off. With a cap on DC power per unit area, such a trend would allow for more RF power per unit area with a preserved ACLR for lower frequencies, i.e. increasing by 5 dB when lowering the frequency by one decade. This exemplified in Figure 5.4.2-2 (constant ACLR) for power levels referring to one PA.
Alternatively, one can assume a constant DC as well as constant RF power per unit area and let the PAs towards lower frequencies operate at a lower , to instead allow a higher ACLR, see Figure 5.4.2-2 (improved ACLR). Exploiting this to its full extent means that all the  improvement for lower frequencies is translated to an equivalent reduction of RF power per PA compared to the RF power per PA for a given ACLR. The basic analysis in [2], backed up by PA simulations, showed that ACLR improves by roughly 2 dB for every dB of RF power reduction for a given PA in the ACLR performance regime of interest.   
Example: An array operating at 30 GHz provides ACLR of 28 dB. An array operating at 15 GHz with the same DC and RF power per unit area will have an ACLR of 28 + 2·5·log10(30/15) = 31dB.
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Figure 5.4.2-2 Illustration of PA power metrics vs frequency for constant ACLR vs improved ACLR (towards lower frequencies).
[bookmark: _Hlk16686637]The analysis outlined above is based on one PA per antenna element, or at least the same sub-array configuration, over the frequency range considered. Although larger sub-array configurations may be used at lower frequencies the general principle still holds. For example, an array of elements based on 1x1 sub-arrays has a certain RF power  associated with one element and consequently one sub-array. The same array of elements but based on 8x1 sub-arrays will have an RF power of  per sub-array. The only difference lies in that the PA driving the sub-array must be capable of producing a higher level of RF power to drive the 4x1 sub-array compared to the 1x1 sub-array. And this is where the more costly by also more capable technologies come into the picture, e.g. GaN and GaAs, which may provide up to an order of magnitude higher power levels compared to Si-based technologies. So, as far as RF and DC power is concerned the scaling still applies. But using GaN and GaAs technologies also provide a somewhat higher PAE and it can be argued that this can be used to further increase the ACLR somewhat towards the lower end of the frequency range when the PAE benefit has been quantified.   
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