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1. Introduction
In RAN4#NRAH1801, a way forward on 41A_n41A A-MPR evaluation has been agreed [1]. One critical aspect which was underlined by this case, but potentially also for many intra or inter band DC or 2UL cases where two separate PAs are used, is the need to model reverse IMD behavior of power amplifiers. In this contribution, we use simple two tone measurements to assess the reverse IMD behavior and its potential modeling.
2. Discussion
One possibility for modeling reverse IMD behavior in a PA is to emulate it by using forward IMD simulation, which could result in a correlated forward IMD case. For example, is it possible to determine IMD products resulting from a case with a main forward carrier and an interfering lower reverse carrier by simulating with the same main forward carrier and an interfering forward carrier with reduced power? In order to get an initial assessment of this a simplified set of two tone measurements have been taken. 
It is recognized that these two tones measurements do not represent the reality of two carriers with NR modulation and the associated PAPR. Nevertheless, these measurements are easier to perform and interpret, and thus can be used as an initial proof of concept for reverse IMD modeling.

2.1. Two Tones Reverse and Forward IMD Measurements
The measurements are performed on a Band 41 PA which can deliver 27dBm NR DFT-s-OFDM QPSK full allocation waveform with margin to NR ACLR.

The two tones measurements consist of:

· Injecting a main tone at 2500MHz in forward mode for 3 different PA output power: 28, 29 and 30dBm (higher level than average NR power, but still below NR waveform peaks).
· Injecting and interfering tone at 2650MHz targeting similar PA output signal in forward (FIM) and reverse (RIM) IMD test modes :

· FIM test mode: In forward mode with input power sweep, targeting power at PA output of 3 to 20dBm.
· RIM test mode: In reverse mode with input power sweep, targeting power at PA output 3 to 15dBm (current setup has limited range for reverse injected signal).
· Measuring IMD3L (highest level), IMD3H (next highest level) and IMD5L/IMD5H products which are the potential issue for DC_41A_n41 emissions.
2.2. Two Tones Reverse and Forward IMD Results
Disclaimer: The results for the two tone measurements, and their absolute or relative levels should not be interpreted for DC_41A_n41A A-MPR, as the signal nature and levels are not relevant. Still the behavior of the different IMDs is relevant and more straight-forward to understand how the reverse IMD model must behave.
Figure 1 shows the raw IMD levels for the different measured cases versus the power of interfering level at PA output for both reverse and forward measurements. Since the figure is busy the following legend is applied:
· Lines get thicker as the main forward tone power increases: (28dBm 1pt, 29dBm 2pt, 30dBm 3pt).
· Forward IMD measurements (FIM) use a similar but lighter color than reverse measurements (RIM):

· Highest IMD products (IMD3 low) use brown for RIM3L and red for FIM3L.

· Next product uses orange for RIM3H and yellow for FIM3H.

· RIM5L uses dark green while FIM5L uses light green

· RIM5H uses dark blue while FIM5H uses light blue

For the reverse tone the injected power is directly measured where for the forward mode the input power is measured and output level derived from the gain measured on the main tone. The two tones being separated by 150MHz that gain may be slightly different. Again this only varies the absolute level which is not used in this contribution but 
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Figure 1: measured IMD3/5 low and high power levels versus power of interferer level at PA output for forward (FIM) and reverse (RIM) modes.
If the absolute level of the IMD of the relative level between forward and reverse mode shall not be interpreted as relevant for DC_41A_n41A, their behavior is relevant to understand if reverse IMD PA behavior can be emulated by its forward IMD behavior.
As an initial focus, let’s look at the main IMD3 low tone which has a +2,-1 index (RIM brown, FIM red):

· In both forward and reverse IMD cases, the IMD level increases 1dB per dB of interfering level (1dB/dB slope) as expected (at constant main tone power).

·  For forward IMD case, the IMD level increases close to 2dB per dB of main tone power (constant interfering level) as expected.
· For reverse IMD however, the IMD level increases by 3dB then 5.5dB when main tone power is increased by 1dB.

Observation 1: Reverse and forward highest power IMD3 tone has a 1dB/dB expected slope for the level of highest frequency interfering tone, but only the forward case has the expected 2dB/dB slope for the level of lowest frequency main tone. In reverse mode, the slope is higher and not constant.
Let’s look at IMD3H behavior (RIM orange, FIM yellow), in both forward and reverse cases, the expected 2dB/dB slope versus highest frequency interfering tone is observed, but behavior for main lowest frequency tone is not linear.
Similarly, for the IMD5L behavior (RIM dark green, FIM light green) in both forward and reverse cases, the expected 2dB/dB slope versus highest frequency interfering tone is observed, but behavior for main lowest frequency tone is not linear.
For the IMD5H (RIM dark blue, FIM light blue), behavior is highly non-linear for forward mode and within the noise floor of the measurement for reverse mode.
Observation 2: Reverse and forward lowest power IMD3 tone and the lowest frequency IMD5 tone have a 2dB/dB expected slope for the level of highest frequency interfering tone, but for the level of lowest frequency main tone there is no constant slope to be observed. The other IMD5 tone behavior is non-linear or within measurement floor. 

2.3. Interpretations of Results and Consequences for Reverse IMD Modeling

For the forward measurements, most of the IMD levels follow the expected behavior and especially the main IMD3 tone, this is not the case for the reverse mode where the dependency of the IM3 level versus the main tone is highly non-linear. 
For this main tone, the observed behavior in reverse mode is more relevant to a mixing phenomenon whereas the level heavily depends on the highest power tone which plays a similar role as the LO in a classical mixer. It is to be noted that this pumping effect is used in some primitive mixer topologies at very high frequencies. Another possible reason for this could be related to memory effect since the two tones are separated by 150MHz and IMD products are low, which may reveal some varying canceling effect depending on main tone power. At this time it is not possible to confirm any hypothesis, just to observe that reverse IMD behavior is sufficiently different to forward IMD that the simpler AM/AM and AM/PM based modelling use in 3GPP may not be able to capture it..
Observation 3: Reverse IMD PA behavior is not consistent with forward IMD behavior, especially for the main tone. It means that the forward IMD AM/AM and AM/PM model used in 3GPP may not be able to emulate a reverse IMD case at least if the main carrier power is varied. It is FFS if other reverse IMD dedicated measured AM/AM and AM/PM modelling can apply.
3. Conclusion
This contribution is a first attempt at discussing power amplifier reverse IMD behavior and the possibility to emulate it with an equivalent forward IMD case. In order to simplify the analysis and measurements, simple two tone forward and reverse measurement were performed with the following conclusion:
Conclusion: Reverse IMD PA behavior is not consistent with forward IMD behavior, especially for the main tone. It means that the forward IMD AM/AM and AM/PM model used in 3GPP may not be able to emulate a reverse IMD case at least if the main carrier power is varied. It is FFS if other reverse IMD dedicated measured AM/AM and AM/PM modelling can apply.
This is based on following observations:
Observation 1: Reverse and forward highest power IMD3 tone has a 1dB/dB expected slope for the level of highest frequency interfering tone, but only the forward case has the expected 2dB/dB slope for the level of lowest frequency main tone. In reverse mode, the slope is higher and not constant.
Observation 2: Reverse and forward lowest power IMD3 tone and the lowest frequency IMD5 tone have a 2dB/dB expected slope for the level of highest frequency interfering tone, but for the level of lowest frequency main tone there is no constant slope to be observed. The other IMD5 tone behavior is non-linear or within measurement floor. 
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