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1. Introduction
In the last RAN4 meeting in Nanjing, the Response LS to RAN1 on realistic power amplifier model for NR waveform evaluation was approved [1]. In the LS, RAN4 recommended RAN1 to use the Rapp model for above 6GHz and Polynomial model for below 6GHz. However, it is clearly stated in the proposal 1 of the response LS that 
RAN4 has not really investigated how suitable the Rapp model is for modeling the challenges facing the PA design such as low efficiency, high frequency, and wide channel bandwidth, etc.
and also it is mentioned that 
The above recommendations would by no means imply that the RF requirements for NR will be based on such models.
Thus, RAN4 needs to continue to work and find an appropriate PA model for studying the RF requirements for NR. As the initial step to achieve this, this contribution studies the feasibility of the Rapp model for above 6GHz based on real measurement of a PA working on 29GHz using the CW signal, i.e., without taking into account the memory effect. 
2. Discussion
2.1 The Rapp model
The Rapp model was originally developed to model only amplitude distortion as [2]




The model was altered to include AM/PM model as well in [3]. The modified Rapp model was used by the IEEE 802.11 [4] and IEEE 802.15 [5] group to evaluate the RF impairment at 60GHz, but with slightly difference in the AM/PM model. The AM/PM model used by IEEE 802.11 group is 


and the model used by the IEEE 802.15 group is 


The latter has only 3 parameters while the former uses 4 parameters. This paper adopts the former one because more parameters are supposed to provide a higher fitting flexibility and accuracy. 
2.2 Fitting real measurement results to the modified Rapp model 
A power amplifier for base station working at 29GHz with saturation output power equal to 2.5W is measured, with and without Doherty operation. The measured AM/AM and AM/PM results are fitted into the modified Rapp Model.
Fig. 1 and Fig. 2 shows the AM/AM and AM/PM fitting results of the PA without Doherty operation. The fitting parameters are given in Table 1. 
[image: ]                  [image: ]
Fig.1 AM-AM fitting results without Doherty operation            Fig.2 AM-PM fitting results without Doherty operation
Table 1. Rapp model fitting parameters for the PA without Doherty operation
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	G(A)
	Ψ(A)

	s
	g
	Asat
	α
	β
	q1
	q2

	0.928
	8.358
	11.10
	26.081
	0.799
	1.964
	2.249



As can be seen from the results, the AM/PM characteristics of the PA fit well to the Rapp model.  For the AM/AM, the parameters are optimized with the fitting of the linear gain and the saturation power prioritized. As a result, there is slight fitting error between 1~8dB backoff, which can be more clearly in Fig. 3. 
[image: ]
Fig.3 AM-AM fitting results in power without Doherty operation
Fig. 4 and Fig. 5 shows the AM-AM and AM-PM fitting results of the PA with Doherty operation. The fitting parameters are given in Table 2. 
[image: ]                   [image: ] 
Fig.3 AM/AM fitting results with Doherty operation                     Fig.4 AM/PM fitting results with Doherty operation
Table 2. Rapp model fitting parameters for the PA with Doherty operation
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	G(A)
	Ψ(A)

	s
	g
	Asat
	α
	β
	q1
	q2

	1.383
	6.229
	12.30
	36.194
	0.720
	1.800
	3.811



We can see that for the PA with Doherty operation, the AM/AM fitting to the Rapp model is not bad, although error can be observed at 10dB backoff. For the AM/PM characteristics, however, the fitting failed absolutely near the saturation region. 
Observation 1 The Rapp model fails fitting the AM/PM characteristics of the PA with Doherty operation.
Doherty amplifier plays a key role in 4G era to improve the power efficiency of the base station and is expected to remain a promising technology in 5G era where power consumption would be a more severe problem.
Proposal 1   RAN4 should study more advanced PA model rather than the Rapp model to appropriately fit the real PA characteristics.   
The above measurement was only carried out with CW signal without taking into account the memory effect. But we believe the memory effect is an important factor for PA model of the base station, who is supposed to treat ~1GHz bandwidth modulated signal. 
Proposal 2   The memory effect should be taken into account for the PA model of the base station. 
Moreover, the PA for the base station and for the UE is quite different from the perspective of the output power, bandwidth, as well as the efficiency. It is not reasonable to use the same PA model for both. 
Proposal 3   The PA model for the BS and the UE should be treated separately. 
3. Conclusion
This paper studied the feasibility of the Rapp model for above 6GHz based on real measurement of a base station PA working on 29GHz with the CW signal and provided the following observation and proposals:
Observation 1 The Rapp model fails fitting the AM-PM characteristics of the PA with Doherty operation.
Proposal 1   RAN4 should study more advanced PA model rather than Rapp model to appropriately fit the real PA characteristics.   
Proposal 2   The memory effect should be taken into account for the PA model of the base station. 
Proposal 3   The PA model for the BS and the UE should be treated separately. 
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