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1. Introduction
The WF[1] in the last meeting addressed that further studies of PA models should be carried out within the context of the NR SI in RAN4, specifically:

· Whether memory effects have any impact for below 6GHz

· If memory effects do have an impact, a new model or appropriate margin may be required.

In this paper, it’s try to answer the above question for ACLR/EVM study based on data in published papers [2] by using IMD power strengths with and without memory effects.
2. PA memory effects below 6GHz 
The common manifestation of memory effects is the variation of IM3 with tone separation. The variations include two types of symptom, one is the evolution of the IM3 pattern with the tone separation, another is the appearance of IM3 pattern asymmetry between the upper and lower side-band with the tone separation.
With memory effects, the PA circuit will not respond instantaneously to its input and the output amplitude and phase will no longer be single-valued functions of the instantaneous excitation amplitude. The response will also depend on the amplifier’s state or input history.
The memory effects may be attributed to different causal, such as the PA’s biasing networks, to the low-frequency-output load impedance, to the out-of-band terminations, to the low-frequency dispersion or self heating etc.
The importance of handling the memory effects in the design of the linearizer with pre-distortion had been depicted in [3]. 
This paper focus on the impact of memory effects for the study of ACLR/EVM.  
2.1 The IMD asymmetry and ACPR 
The IMD asymmetry, which was taken as one symptom of memory effects, was shown in figure 1. The ACPRu denotes the ACPR (the integrated power in the adjacent bandwidth to the transmitted signal power) at the upper-side-band, and the ACPRd denotes the ACPR at the down-side-band.

In figure 1, the output power of a PA working in 2GHz band is normalized to input power, which may be understand as a input signal pass a PA with gain of 1. An ACPR asymmetry of nearly 8 dB can be depicted, and the higher ACPR value is about -105dB relative to the in-band power. 
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Figure. 1. Multitone output power, normalized to input power: for reactive ACPRu-ACPRd = 8 dB (from figure 6(a) of[2])
Observation I: the memory effects dose exists bellow 6GHz. 
2.2 The relation between bandwidth and memory effects
Figure 2 shows the IMD asymmetry versus tone separation. The asymmetry (memory effects) as depicted by the curve is less than 2dB with the tone separation is less than 10MHz, and the asymmetry may reach up to 8dB when the tone separation is larger than 100MHz.
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Figure. 2. Experimental results of IMD asymmetry versus tone separation (from figure 8(a) of[2])

Observation II: the memory effects dose exists in a PA with bandwidth from less than 1MHz to greater than 100MHz, but the asymmetry is not severe in a bandwidth less than 100MHz.
2.3 The power difference between IMDs with/without memory effects

The IMD pattern may be used to analyze the power difference between IMDs with/without memory effects. In other words, by comparing the difference between the IMD pattern/power with and without memory effects, the impacts of memory effects on the IMD pattern/power can be obtained.

Take the IMD pattern/curve in figure 3(a) as the base-line IMD pattern without memory effects, since no IMD asymmetry is visible with the tone separation ∆ω1=10kHz. Further, if the memory effects dose contributed some to the IMD pattern/curve in figure 3(a), the contribution must be very little since the tone separation is merely 10kHz.

The IMD pattern in figure 3(b) corresponding to a ∆ω2=100 MHz , and the distortion asymmetry only appears at the large-signal IMD sweet spot. The IMD pattern in figure 3(c) corresponding to a ∆ω3=180 MHz , and the IMD asymmetry presents a small constant value in almost all the swept values, except at the large-signal IMD sweet spot where it suffers a distinct unbalance increase.
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Figure. 3. Measured upper and lower fundamental and IMD power for different tone separations at a constant bias of V = -1:2 V. (a) 10 kHz. (b) 100 MHz. (c) 180 MHz. (from figure 10 of [2])
Compared the IMD pattern in figure 3(b)/(c) with the IMD pattern in figure 3(a) which is the base-line IMD pattern without memory effects, noticing that the scale in 3(a) is 10dB whereas it’s 20dB in(b) and (c),the following can be observed:

For the large-signal IMD, the power difference between the IMD pattern in figure 3(b)/(c) and the IMD pattern in figure 3(a) is not obvious. Taking the -5dBm value of the input signal in figure 3(a)/(b)/(c) as the reference point for comparition, the differences between the Pout of the IMD curve and the fundamental tone curve corresponding to the -5dBm reference point in figure 3(a)/(b)/(c) are all around 20dB. This means that the relative IMD powers to the Pout of the fundamental tone in figure 3(b)/(c) have no obvious variation with the change of tone separation.

Observation III: for the large-signal IMD, the power difference for IMD with/without memory effects is not obvious.

For the small-signal IMD, the power difference between the IMD pattern in figure 3(b)/(c) and the IMD pattern in figure 3(a) is up to about 10dB. In the range bellow -25dBm of the input signal in figure 3(a), the differences between the Pout of the IMD curve and the fundamental tone curve is around 30dB, while the difference is about 20 dB in figure 3(b)/(c). With the 10dB rising caused by memory effects, the small-signal IMD power in figure 3(b)/(c) are still much less than the large-signal IMD values corresponding to the -5dBm reference point in figure 3 (b)/(c).   
Observation IV: For the small-signal IMD, the power variation caused by memory effects is up to about 10dB.

Though the memory effects can dramatically alter the correct operation of a pre-distortion amplifier, its impact on ACLR/EVM is not obvious.
3. Proposal

For the large-signal IMD, the memory effects impact on ACLR/EVM is very limited since the power difference for IMD with/without memory effects is not obviously. 


For the small-signal IMD, the memory effects impact on ACLR/EVM can up to about 10dB, but this impact can be ignored since the small-signal IMD power with the 10dB rising caused by memory effects is much less than the power of large-signal IMD.
Since the impact of PA memory effects below 6GHz on the power difference between IM3 and the fundamental tones is not obvious, it’s not essential to characterize the memory effects for the ACLR/EVM study.
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