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1. Introduction

At RAN4 #66bis, a number of papers were presented on the intermodulation product generated with two simultaneous transmitters on different frequency bands.  As discussed in [1], the way forward proposal was to first study the amplitude of the intermodulation products to determine if the conventional coexistence limit of -50 dBm/MHz could be met.  We describe the results of our study in this contribution.
2. Discussion

The level of intermodulation products resulting from two simultaneous transmitters has been previously studied.  There are several locations within the radio Tx path where intermodulation products can be formed.  The first is in the RF front-end.  The non-linearity of the antenna switch is predominant here, though other front-end components can also contribute.  In [1], a two-tone analysis of the contribution from the antenna switch was presented with the conclusion that the power of 2nd order IMD products could be high as -64 dBm and the power of 3rd order IMD products could be as high as -84 dBm.  In [2], the analysis was revisited with slight different assumptions concluding that IMD products would be below -85 dBm and -80 dBm for 2nd and 3rd order.  On the other hand, an analysis of B3+B7 in [3] shows that the power of IMD3 products can vary from -55 dBm to -35 dBm depending on whether the design of the UE includes an additional diplexer between the two bands (the diplexer provides additional isolation after the switch) and on the switch linearity performance.  The power of the IMD2 product is shown to be between -55 dBm and -45 dBm.  
In our estimation, the maximum power of the IMD3 products is limited to -60 dBm assuming equal transmitter powers of 20 dBm at the antenna switch and no additional isolation available from a diplexer.  This assumes a front-end effective IIP3 of approximately 60 dBm including the IIP3 of the antenna switch and other front-end components beyond the duplexer.  For IMD2 products, assuming linearity of IIP2 linearity of 95 dBm, the power is limited to -55 dBm.  In all of these analyses, the numbers differ, but the conclusion is similar.  The UE coexistence requirement of -50 dBm/MHz can be fulfilled assuming sufficient switch linearity.  Modern switches used in UE designs are able to attain the required linearity.
The PA reverse-intermod when the output from one PA is coupled back into the input of the other is another potential source of intermodulation products that was investigated in [4] and [5] by measurements.  Here, it was shown that when the aggressor PA's output couples to the output of the victim PA at a level between -25 dBm and -45 dBm, the reverse intermodulation product formed at the victim's PA output is at most -40.5 dBm.  This output level is expected to be attenuated by the duplexer to below -50 dBm/MHz.  
In our estimation, the output of the aggressor PA may be received at the output of the victim PA by as much as -15 dBm assuming 20 dBm PA output, 10 dB antenna isolation, and 25 dB duplexer attenuation.  This is a worst case assumption that separate antennas are used for transmit rather than a diplexer so the isolation is reduced to antenna isolation only and that the victim duplexer only provides 25 dB attenuation at the frequency of the other CC.  Assuming an IIP3 at the PA of 35 dBm and a PA output power as high as 25 dBm, the reverse IM3 component is expected to be -35 dBm at the PA output.  With an additional 25 dB duplexer attenuation, the output power at the antenna of the IMD3 component should be -60 dBm or lower.    
3. Conclusion

In this contribution, we have reviewed the previous results on the power level of 2nd and 3rd order intermodulation products formed as a result of two simultaneous transmitters in different bands.  Two contributors of IMD products have been evaluated include the impact of non-linearities in the RF front-end, particularly the antenna switch, and the reverse-intermod product resulting from the coupling of one PA output to the input of the second PA.  In both of these cases, our analysis while not producing the identical numerical results as provided by other contributions, agrees with the conclusion that the conventional UE coexistence emission limit of -50 dBm/MHz can be met with the proper selection of front-end components for linearity and with attention to filter attenuation requirements across bands.  
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