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1. Introduction

The front-end architecture to support DC_41A-n41A has not been agreed.  This contribution discusses simulation modeling for single PA and dual PA architectures since it has been agreed that both should be evaluated [1].
2. Discussion

Intra-band EN-DC entails both the NR and E-UTRA carriers operating in the same band from the UE front-end perspective.  An example is DC_41A-n41A where the E-UTRA carrier would operate in E-UTRA Band 41 and the NR carrier would operate in NR Band n41.  In this case, the bands are identical except for nomenclature; however, in other cases, the bands may slightly differ but still be implemented with a common RF front-end (perhaps Band 42 and Band n77 or n78, for example).  For these EN-DC combinations where a common front-end could be conceived, one question that arises is whether the uplink is supported by a single, shared PA and antenna, or by separate PA’s feeding separate antennas for each carrier.  Other architectures may also be possible and it is not the objective of the 3GPP specifications to mandate any particular architecture for UE implementation.  However, it is valuable to at least assume a particular reference or example architecture for the purpose of evaluating and defining requirements.   It has been suggested that in the case of EN-DC in Band 41, a dual PA with dual antenna architecture would be advantageous from a performance perspective since it is expected that this architecture should be able to meet emission requirements with higher output power (less MPR/A-MPR required), particularly for non-contiguous carriers and/or allocations.  Moreover, since support of UL MIMO can be expected in higher frequency bands, then 2 PA’s and 2 Tx antennas are readily available on the device.  Of course, it can not be expected that the device will simultaneously support BOTH EN-DC and UL MIMO.
Therefore, focusing on the 2 PA/2 antenna architecture, we consider how specifications can be defined.  Firstly, it has already been demonstrated [1] that despite having separate Tx paths, PA’s, filters, and antennas for each carrier, intermodulation products the Tx output(s) will still be formed and power backoff will still be required to comply with emission requirements; namely, NS_04, CA_NS_04 and their NR and EN-DC equivalents.  The required power backoff may be smaller, but it is not likely to be zero.  The key mechanisms for the formation of IM products as explained in [1] are PA forward IM when the output of one PA couples back into the input of the other PA by PCB leakage, and PA reverse IM when the output of one PA couples back into the output of the other PA through their respective antennas.  For the case of PA forward IM, the power level after PCB leakage is significantly attenuated compared to the case where two signals from separate transceivers are fed directly into a single PA.  For example, for a dual connectively configured Band 41 PC3 device with 5.5 dB post-PA loss, 67 dB PCB isolation, and equal PSD with wide allocation of RB’s in one carrier and narrow RB’s in the other, the signal power level at the input to the PA would be approximately 42.5 dB attenuated compared to the case where a single PA architecture is assumed.  Similarly, for the reverse IM component, the transmitted signal undergoes an attenuation of approximately 11 dB due to the front-end in both Tx paths as well as 10-15 dB in antenna isolation.  Filtering is not available since both transmitted signals are in-band and therefore within the passband of the Band 41 filter.  
Traditionally, A-MPR and emissions analysis has been carried out by measurements and simulations for a single PA architecture.  Signals from two transceivers are fed into the PA input while the desired and unwanted signals are measured at the output.  For simulation, a memoryless AM/AM and AM/PM model is typically used for the PA.  For a single PA, a memoryless model is not suitable since the two carriers appearing at the input to the PA can now be separated across the entire band (i.e., 200 MHz separation in Band 41).
For the case of 2 PA’s, the simulation environment is more complicated.  Both forward and reverse IM components should be modeled.  The forward IM component can be modeled by supplying one input directly from the output of one transceiver and another input from the output of the other PA after attenuation across the PCB.  This implies that the input from the second PA is obtained as the output of that PA.  In other words, the signal should first be passed through the second PA’s model before it is attenuated and applied to the input of the first PA.  The reverse IM component can be applied at the output of the PA if a suitable model can be obtained that describes the behavior of the PA from output to input.  One such model involves varying the linearity (AM/AM and AM/PM) behavior of the PA as a function of the signal appearing at its output.  Unless simplified, such a model could be prohibitively complex and time consuming to simulate for the large number of waveforms needed.  An extreme simplification could be to model the output-to-input relationship as a pure attenuation and apply the signal from the output of the second PA directly to the input of the first PA after such attenuation.  The effectiveness and accuracy of such a simplification needs to be evaluated.  The interaction between the forward and reverse IM components should also be accounted for.  Summing the signals or summing their powers could be a simplification, although summing the signals in voltage implies that they are aligned in phase which is not realistic.  Lastly, the effect of memory on the PA because of wide bandwidth is also a factor that should be considered.  However, the impact may be less since at least one of the signals undergoes attenuation from PCB or from output-to-input transformation.  The above describes approaches that might be used for simulating fixed-biased PA’s.  For ET-based PA’s, the supply voltage variation in response to multiple signals at input and output is yet another variable.
In practice, since Band 41 is a TDD band, the concern is one of emissions rather than self desense.  The emission levels required are -13 and -25 dBm/MHz which may not be too severe such that the mechanisms described above do not contribute significantly, especially with a 2 PA architecture.  Further studies are needed to quantify the impact.
3. Conclusion

Simulation approaches to determine emissions and A-MPR for both single PA and dual PA architectures are discussed in this paper.  It is expected that the dual PA architecture will yield superior performance since the IM products are expected to be lower.  However, the modeling of a dual PA architecture is more complex since it involves the modeling of 2 PA’s, forward IM, reverse IM, and their interaction.  Simplifying assumptions can be considered, but their validity should first be verified.  For single PA, the approach is similar to that which has been traditionally followed; however, the memory effect of the PA may need to be included since the signals are spread across the entire band.    
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