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1 Introduction

In RAN1 meeting #84bis, the following agreements were made

· Consider the RF nonlinearity in the evaluation cases of R1-163558
1. RAN1 can consider the following models for PA modeling, i.e. Rapp model [1] (AM/AM, AM/PM) and/or Clipping model with different thresholds
· Companies should provide the model parameters (operating point, back-off value etc.) and justification (e.g., EVM, OOBE/PSD)
In this contribution, the PA model parameters are provided.  
2 PA models
It has been agreed that RAN1 can consider Rapp model [1][2] and/or clipping model for PA modeling.

2.1 Rapp model

This model introduces AM/AM and AM/PM distortions, which can be expressed as:
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where 
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 denotes the amplitude of an input signal for PA, 
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 denotes the amplitude of an output signal for PA, and 
[image: image5.wmf]q

D

 is the phase distortion between an input signal and the corresponding output signal of PA. 
For AM/AM distortion, it is proper to define 
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 so as to simplify the model as
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Thus the AM/AM non-linearity is independent of 
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. In particular, with  G=1, G1=-0.5, G2=1, p=2, q=4 and Ath1=1, the AM/AM and AM/PM curves can be shown in Figure 1 and Figure 2, respectively.
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Figure 1. AM/AM for Rapp model.                  Figure 2. AM/PM for Rapp model.

2.2 Clipping model

This model only introduces AM/AM distortion, which is expressed as:
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In particular, with G=1 and Ath2=1, the AM/AM curve can be shown in the following figure.
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Figure 3. AM/AM for clipping model.

3 Discussion on parameter selection
It is common understanding that non-linearity of PA would introduce extra error vector magnitude (EVM), and PA is not the only process that would cause EVM increment. In legacy LTE system, the lowest EVM requirement is 3.5% in order to support 256QAM for PDSCH. Thus, the EVM requirement for PA should better be lower than 3.5%, e.g., 2.5% for the purpose of retaining EVM allowance for other non-linear modules.

For Rapp model, it is necessary to stress that the AM/AM distortion is mainly determined by the value of 
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, where 
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denotes the operating point, i.e., the average power of input signal of PA. And when we consider the AM/AM and AM/PM distortions jointly, the negative impact on EVM would be increased. As for clipping model, the AM/AM distortion depends on the value of
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 with a given 
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.  To evaluate the relationship between PA operating point and the resulting EVM, the curves of EVM versus 
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are plotted in Figure 4 and Figure 5, respectively. The simulation assumptions are shown in Table 1.

Table 1. Simulation assumptions

	Parameters
	Assumption

	Rapp model (AM/AM)
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	Rapp model (AM/PM)
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	Bandwidth
	10MHz

	Subcarrier spacing
	15kHz

	IFFT
	1024

	Allocated PRB Number
	3

	Subcarrier number per PRB
	12

	modulation
	256QAM

	waveform
	f-OFDM


It can be observed that 
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 should be at least larger than 8 dB to satisfy the requirement of 2.5% EVM when the AM/AM distortion is considered for Rapp model. And for the case of combining both AM/AM and AM/PM distortions jointly, 
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 should be larger than 11 dB to obtain the required EVM. While it is also observed that 
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should be larger than 6.8 dB to obtain the required EVM.
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   Figure 4. EVM versus 
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 for Rapp model.              Figure 5. EVM versus 
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 for clipping model.
Proposal 1: For PA models, the operating point for evaluation should satisfy the EVM requirement for 256QAM.
On the other hand, non-linear PA would cause severe out-of-band emission (OOBE). To evaluate the OOBE for these two PA models, the corresponding PSDs are shown in Figure 6 and Figure 7. It is obvious that the OOBE for either Rapp model or clipping model becomes severe after PA. 
To ensure low interference between adjacent sub-bands, the OOBE of one sub-band should be limited. In legacy LTE-A system, adjacent channel leakage power ratio (ACLR) is used to measure the OOBE which is defined as the ratio of the filtered mean power centered on the assigned channel frequency to the filtered mean power centered on an adjacent channel frequency. For example, the ACLR requirement for eNB is 45dB and that for UE is 30dB. It is necessary to mention that the ACLR depends on the system bandwidth, which is ineffective to measure the OOBE of sub-bands. Since sub-band transmission with diverse bandwidth would be supported in 5G system, it is better to introduce a new metric to measure the OOBE that is independent with the occupied bandwidth. 
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Figure 6. PSD for Rapp model.                               Figure 7. PSD for clipping model.

For example, adjacent sub-band or PRB leakage power ratio may be defined which is as the ratio of filtered mean power centered on the assign sub-band to the filtered mean power centered on an adjacent sub-band or PRB. And a specific requirement should be determined for this new defined metric.

If no new metric is introduced, at least the ACLR requirement should be satisfied. Since PA non-linearity is not the only process that would cause OOBE, in order to retain OOBE allowance for other non-linearity modules. The requirement on the OOBE of PA output should be stricter than the ACLR requirement. Thus, it is proper to introduce a margin which is denoted by 
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(dB). In particular, the ACLR requirement for eNB is 45dB, and then the requirement for PA would be 
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Proposal 2: For PA models, the operating point for evaluation should at least satisfy the ACLR requirement.
Proposal 3: It is preferred to define a margin for PA models based on existing ACLR requirement.
4 Conclusions
In this contribution, we discussed the justification of the parameter selection for PA models in link level evaluation. The following proposals are given.
Proposal 1: For PA models, the operating point for evaluation should satisfy the EVM requirement for 256QAM.
Proposal 2: For PA models, the operating point for evaluation should satisfy the ACLR requirement.

Proposal 3: It is preferred to define a margin for PA models based on existing ACLR requirement.
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