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1. Introduction
The feasibility of RF components in mmWave frequencies has been discussed in the last few RAN4 meetings. In this paper we further elaborate on the PA limitations for high frequencies. The performance of the PAs is a very important factor that will have to be taken into account when Tx requirements will be defined.
2. Discussion
In previous meetings the feasibility of RF components for mmWave frequencies was discussed [1], [2]. It was noted that high frequency PAs have very low efficiency and this will affect the power consumptions of the UEs.
In [1] a literature survey of PA efficiency for different processes and frequency points was presented(included in the Annex for convenience). We would like to point out that the data points presented only considered the PA efficiency at the saturation point(Psat). The candidate waveforms that are currently under consideration for NR are OFDM and DFT-S-OFDM, both of them have relatively high PAPR of around 9dB and 7dB, respectively. This aspect should be taken into account when the PA efficiency is considered/analyzed. The efficiency data presented is not representative of the actual efficiency that can be achieved for NR because there is no straightforward way to derive the efficiency with different levels of backoff based on the Psat efficiency.

A survey of PAE at different frequencies with 9.6dB backoff for CMOS PAs can be found in [3] and is reproduced in Figure 1. Compared to the data in [1], the PAE around 30GHz is much lower(~10% compared to ~40%). As can be seen, the PAE is decreasing with frequency and overall has very small value compared to PAs employed in current LTE devices (frequencies below 6GHz).
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Figure 20.6.6: Trend of published PAESs at 9.64B PBO from P, versus frequency

ilicon PAS operating at 2.4GHz and above.




Figure 1. PAE with 9.6dB backoff at different frequencies
Considering that the PA efficiency is one of the main drivers of UE power consumptions, it will be very important to take into account this aspect when requirements for NR will be defined. When ACLR or other Tx requirements are discussed, the tradeoffs in PA efficiency, overall UE implementation feasibility and overall system performance should be carefully considered to enable commercially feasible devices in terms of cost and battery life. 
3. Conclusion
In this paper we discussed the PA efficiency in the mmWave frequency range and presented some data that is representative for the waveforms that are currently under consideration.
The PA efficiency with a backoff that is typical for OFDM operation is very low (around 10%) compared to the current devices used for LTE. When ACLR or other Tx requirements are discussed, the tradeoffs in PA efficiency, overall UE implementation feasibility and overall system performance should be carefully considered to enable commercially feasible devices in terms of cost and battery life. 
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Figure 6.1.X-2 Saturated power added efficiency 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.
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