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1. Introduction
The new waveform of NR has been evaluated by numerical simulation [1][2] in RAN1. The potential impact of a new waveform on the RF parameters will be further examined in RAN4.
In this paper we provide an analytical insight into how IM3 and input PSD impact on ACLR and propose the following accordingly:
Under realistic PA with large signal input, the impact of PSD of an input new waveform on ACLR is trivial if the roll-off of the PSD edge of the new waveform is steep enough, therefore the impact of the new waveforms with different roll-off edge of PSD sideband on the ACLR is of trivial difference.
2. The impact of IM3 and input PSD on ACLR 
Theoretically the output PSD of a realistic PA can be decomposited into different components, such as linear response component, IM3 component and other harmonic components.

According to [3], the non-linear characters of a realistic PA can be represented by polynomial approximation. The PA output y(t) can be computed from input x(t) using the formula as bellow:

y(t) = p0 + p1∙x(t) + p2∙x(t)2 + p3∙x(t)3 + …                                                     (1)
To illustrate the different components relating to ACLR/EVM of the PSD of y(t), Eq. (1) can be rewritten as bellow: 
y(t) = p0 + p1∙x(t) + p2∙x(t)2 + p3∙x(t)3 + …

   = Linear components item[p1∙x(t)] + 
In-band IM3 components item [p3∙x(t)3] + 
Out-band IM3 components item [p3∙x(t)3]+ 
Other harmonic components item [ p0 + p2∙x(t)2+ …]                                         (2)
Eq. (2) is also a general form to represent all of the components in the PSD of y(t)，but for the analysis of ACLR/EVM, we can mainly look at the Linear components item and the IM3 components items. Since the contribution from IM5, IM7…to ACLR/EVM is much less than the IM3, the IMD components with the order higher than 3 were ignored in the analysis. Fig. 1 shows the PSD components of a wave form gone through a PA. The blue curve in Fig. 1 is the output PSD by linear component of the PA, which is corresponding to the linear components item [p1∙x(t)] in Eq. (2). Similarly the red curve shows the in-band and side-band IM3 PSD produced by the PA, corresponding to the in-band and side-band IM3 components item [p3∙x(t)3]. 

We can conduct an analytical evaluation on the impact of IM3 and input PSD on ACLR/EVM based on the linear component and in-band and out-band IM3 parts of the decomposition of the PSD of y(t). 
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Figure 1. The PSD components of a waveform go through a PA
2.1 The ACLR of ideal PA with realistic waveform 
In the case that an input PSD passes through a PA with ideal linear performance, the output PSD only consists of the linear components item [p1∙x(t)]. The output PSD, shown in blue dotted curve in Fig. 1, is purely the input PSD multiplied by a constant in amplitude.
In the case that an input PSD passes through a PA with quasi-linear performance, such as the worked in small signal state or in back-off state [2], the dominant component of the output PSD is the input PSD multiplied by a constant in amplitude.
Observation 1: In the case that an input PSD pass through a PA working in small signal state or in back-off state, the sideband of the input PSD has the dominant impact on the ACLR. 
2.2 The ACLR of realistic PA with ideal waveform
In the case that an input PSD of large signal with ideal sideband, such as with GATE shaped waveform, passes through a realistic PA, the output PSD will consists of the Linear components item [p1∙x(t)], the In-band IM3 components item [p3∙x(t)3] and the Out-band IM3 components item [p3∙x(t)3]. 
In this case, the sideband of the output PSD, shown in red dotted curve in Fig. 1, is purely the IM3 power contributed by Out-band IM3 components item [p3∙x(t)3], without any contribution from the sideband of input PSD. The In-band IM3 components item [p3∙x(t)3] is the dominant contributor to EVM which was shown in red dotted curve in Fig. 1. 
In the case of an input PSD of large signal with quasi-ideal sideband, such as with sideband PSD 20dB smaller than the out-band IM3 PSD, the sideband of the output PSD, shown in red dotted curve in Fig. 1, is dominated by the Out-band IM3 components item [p3∙x(t)3] since the sideband PSD is 20dB smaller than the out-band IM3 PSD. 
Observation 2: In the case of an input PSD of large signal with ideal or quasi-ideal sideband, the out-band IM3 from a realistic PA has the dominant impact on the ACLR, while the impact of the input PSD of a waveform on the ACLR becomes trivial with the roll-off of the PSD edge getting steeper and steeper. 
2.3 The ACLR of realistic PA with realistic waveform
In the case that an input PSD of large signal with realistic waveform passes through a realistic PA，the ACLR is impacted by both the linear components item [p1∙x(t)] and the Out-band IM3 components item [p3∙x(t)3]. According to [4], the sideband of the output PSD contributed by the linear components item [p1∙x(t)] is at least 30dB less than the main band PSD with 200kHz frequency bias (Fig. 7 of [4]). The out-band IM3 PSD caused by the Out-band IM3 components item [p3∙x(t)3] is typically around 20 dB less than the main-band PSD [5], thus the contribution from the sideband PSD to the ACLR is about 10 dB less than that from the IM3 of a realistic PA. This means that, in Fig. 1, if the power difference of OOBE between the sideband IM3 component and the linear component of the PA’s output PSD is greater than 10 dB, the impact of the linear component of the PA’s output PSD on the ACLR is trivial or not obvious relative to the sideband IM3 component of a realistic PA.   
Observation 3: In the case that an input PSD of large signal with realistic waveform passes through a realistic PA, the contribution from the sideband PSD to the ACLR is about 10 dB less than that from the IM3 of a realistic PA, so the impact of a sideband PSD with 30dB less than the main band PSD on the ACLR is trivial or not obvious relative to the IM3 of a realistic PA. 
Observation 4: Under realistic PA with large signal input, since the impact of the input PSD of the waveform on the ACLR becomes trivial if the roll-off of the PSD edge gets steep enough, the impacts of the PSDs with different roll-off edge on the ACLR is of trivial difference. 
The observation 4 is in line with the numerical simulation results in [1].
2.4 The influence of DPD on ACLR
In the real RF chain, the DPD (Digital Pre-Distortion) is usually used as a key measure to mitigate the IM3 power. Typically 25~30dB improvement to IM3 can be obtained with DPD, i.e., ACLR may be lowered to -45~-50dB from -20dB if DPD processing is switched on. In fact, if a DPD with good performance is used, the PA behaves close to a real linear PA, and the sideband of the input PSD has the dominant impact on the ACLR as remarked in Observation 1.    
However, it had been agreed that the DPD should be taken as an implementation issue in RAN4. So the evaluation of requirement on ACLR parameter should be done without considering the DPD’s influence for the current stage.
According to the above analysis, we have the following proposal on the selection of new waveforms in NR:

Proposal 1: Under realistic PA with large signal input, the impact of PSD of an input new waveform on ACLR is trivial if the roll-off of the PSD edge of the new waveform is steep enough, therefore the impact of the new waveforms with different roll-off edge of PSD sideband on the ACLR is of trivial difference.
3. Conclusion
In this paper, we analyze the potential impact of the PSD of a new waveform on ACLR, and have the following observations and proposal:

Observation 1: In the case that an input PSD pass through a PA working in small signal state or in back-off state, the sideband of the input PSD has the dominant impact on the ACLR. 
Observation 2: In the case of an input PSD of large signal with ideal or quasi-ideal sideband, the out-band IM3 from a realistic PA has the dominant impact on the ACLR, while the impact of the input PSD of a waveform on the ACLR becomes trivial with the roll-off of the PSD edge getting steeper and steeper. 
Observation 3: In the case that an input PSD of large signal with realistic waveform passes through a realistic PA, the contribution from the sideband PSD to the ACLR is about 10 dB less than that from the IM3 of a realistic PA, so the impact of a sideband PSD with 30dB less than the main band PSD on the ACLR is trivial or not obvious relative to the IM3 of a realistic PA. 
Observation 4: Under realistic PA with large signal input, since the impact of the input PSD of the waveform on the ACLR becomes trivial if the roll-off of the PSD edge gets steep enough, the impacts of the PSDs with different roll-off edge on the ACLR is of trivial difference. 
Proposal 1: Under realistic PA with large signal input, the impact of PSD of an input new waveform on ACLR is trivial if the roll-off of the PSD edge of the new waveform is steep enough, therefore the impact of the new waveforms with different roll-off edge of PSD sideband on the ACLR is of trivial difference. 
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