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1. Introduction
The complex dependencies between PA output power, ACLR and PAE for FR2 was discussed in detail during specification of NR in rel 15. As BS EVM consist of several impairment contributions e.g. phase noise, group delay distortion and PA non-linearities, the corresponding EVM requirements will have an impact on ACLR as a measure for PA non-linearities. In [1], the need for more stringent ACLR to fulfill the 256QAM BS EVM requirements and the impact in terms of reduction in output power and PAE was described in detail. 
The intention with this paper is to propose text to capture the impact of 256QAM EVM requirements on ACLR and consequently the achievable output power and PAE.

2. Proposal
It is proposed that the attached text proposal is included in TR 38.883 [2].  
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[1]		R4-1906685, “Summary of 256QAM for FR2 analysis”, Ericsson
 [2]	TR 38.883, “Study on support of NR downlink 256 Quadrature Amplitude Modulation (QAM) for frequency range 2 (FR2)“
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5.3.1	BS implementation aspects
The BS EVM contains all transmitter impairments consisting of several impairments contributing such as phase noise, CRF/peak reduction distortion and PA non-linearities etc. The complex relation between achievable output power, linearity (ACLR) and efficiency for FR2 has been extensively discussed during NR SI and rel-15 WI. In addition, FR2 base-stations considering the need for highly integrated solutions under limited available size (form factor), the need to consider these dependencies due to thermal aspects is an obvious necessity. 
Figure 5.3.1-1 presents the simulated relationship between the ACLR achieved at the output of a 30GHz CMOS PA and a GaN PA, respectively, and the EVM. The figure indicates that to achieve a given EVM level, the PA must be dimensioned such that it would be capable to meet an ACLR of around 7dB greater than the SNR implied by the EVM.
The EVM expressed in dB is a measure of achievable SNR and is calculated as:
EVMdB = 20*log (EVM%)
Figure 5.3.1-2 which describes the relation between output power and EVM indicates that for 8% EVM (64QAM), the SINR is 22dB and thus to avoid PA non-linearity compromising the EVM, the PA must have an operating point that achieves an ACLR of ~29dB which is aligned with current ACLR requirements for FR2 bands (n257 and n258 based on 30 GHz proxy frequency). For 3.5% EVM (256QAM), the corresponding SNR is 30dB, implying a PA operating with an ACLR of around 37dB.
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Figure 5.3.1-1: Relationship between ACLR achieved at 30GHz CMOS PA and GaN PA, respectively and EVM.
Figure 5.3.1-2 is presenting the estimated output power vs EVM for the BS array considered during the NR. As can be seen from the curves, EVM for 256QAM becomes the dimensioning requirement for the PA instead of ACLR, with the consequence that the achievable output power would require a reduction by around 5dB in terms of needed power back off. 
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Figure 5.3.1-2 Simulation of 30 GHz CMOS and GaN power amplifier models showing output power as a function of EVM.
The needed EVM for 256QAM compared to 64QAM would imply a significant degradation (reduction by a factor 2) of PAE (power added efficiency as shown in Figure 5.3.1-3. 
[image: ]
Figure 5.3.1-3 Simulation of 30 GHz CMOS and GaN power amplifier models showing PAE as a function of EVM.
For more advanced power efficient PA types such as Doherty PA, the power back-off does not manifest in reduction of PA non-linearities / ACLR needed to reach the BS EVM requirements of 3.5% rather higher level of back-off and consequently more significant degradation in PAE is foreseen.
Careful considerations in relation to benefits of 256QAM considering the power and efficiency expense is necessary before concluding the WI to introduce 256QAM in FR2.
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