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1. Introduction

It is well recognized and has been extensively discussed that one of the challenges of 2UL inter-band carrier aggregation is the generation of transmitter intermodulation products.  Numerous contributions have been presented discussing 1) the location of intermodulation products, 2) the impact of intermodulation products on UE coexistence and the limit emission of -50 dBm/MHz, and 3) the impact of intermodulation products on simultaneously active downlink bands.  This contribution relates to the first and last of these.  

2. Discussion

Intermodulation products generated by two simultaneously active transmitters can be formed in a number of ways wherever non-linearities can be found.  These include the front-end [1], [2], [3] on-chip coupling [4], and PA reverse intermodulation [5], as examples.  We evaluate the PA reverse intermod in a manner similar to that presented in [5] with an emphasis to determine the order of the intermodulation product which may impact reception in a downlink band or in GPS, WLAN, or other service.

Test setup

The test setup is shown below.  
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The Tx1 PA output power was adjusted to 24.5 dBm to emulate 20 dBm output power at the antenna port after front-end loss since for UL CA, it is expected that worst case intermodulation products are formed when both transmitters are simultaneously at maximum output power.  The power of Tx2 was adjusted to be -12 dBm to model the case of 20 dBm power at the antenna port attenuated by 10 dB antenna isolation and 22 dBm duplexer attenuation.  We note that the power level of -12 dBm at the switch output is a slightly different configuration than reported in [5] where the second transmitter was located at the PA output for the first transmitter and where the power levels considered where much lower.  In [5], the power levels considered ranged from -25 dBm to -45 dBm because it was assumed that there is additional diplexer attenuation of 15 – 25 dB and duplexer attenuation of 30 – 40 dB.  In our analysis, we have attempted to model the worst case condition for a UE architecture that supports inter-band CA on separate antennas and therefore does not include a diplexer and for bands where the duplexer attenuation from Tx to Tx can be as low as 20 - 25 dB.  
Intermodulation order
The measurement results indicate that the level of 3rd and 5th order intermodulation product for this PA were high enough that desense could result if the intermodulation product falls within an active receive band.  The measured value of the IM3, IM5, and IM7 components were -26 dBm, -65 dBm, and -74.5 dBm.  Note that the IM7 term was within the noise floor of the measurement.  These results are illustrated in the following three figures.
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At -26 dBm and -65 dBm, assuming 45 dB isolation from the duplexer, the power of the intermodulation product is -110 dBm or higher which could impact receiver performance.

Proposal 1:  For self-band, GPS, WLAN, or other receiver desense, up to IM5 should be considered when the IM  product lands within the receive bandwidth.
Observation:  The IM3 product due to PA reverse intermod is estimated to be -26 dBm and the IM5 product is estimated to be -65 dBm.
Intermodulation location

It is obvious that the power level of intermodulation products of up to 5th order can desense receiver bands when the intermodulation product falls in-band.  Additionally, we believe that intermodulatioin products that land on harmonics of the Rx LO frequency can also cause desense.  In typical IC-based direct-conversion receiver designs, the LO is generated as a square wave located in the center of the receive band.  Because the LO is a square wave, in addition to having the desired mixing response at its fundamental frequency, it also includes a mixing response at its odd harmonics.  Since the Fourier series components of an ideal square wave delay slowly as 1/N, where N is the order of the odd harmonic, the mixing response is quite strong but is also attenuated by parasitic capacitance and other bandwidth limiting affects.  In practical designs, our preliminary investigations indicate that up to 3rd order harmonic of the LO frequency could be vulnerable to interference if the IM3 products land.  We estimate that the impact of these 3rd order IM products on the 3rd harmonic of the LO can generate noise mixed down to the receive band at approximately the same amplitude as IM5 products mixing directly with the fundamental RxLO frequency and landing directly into the receive band.  Given the magnitude of IM5 products and the 5th harmonic of the RxLO, however, we do not believe that IM5 products impinging upon the 3rd or higher harmonic of the RxLO are of concern.

Proposal 2:  IM3 products which impinge upon the 3rd harmonic of the Rx LO (assumed to be located in the center of the receive band) may cause desense and should be considered .

3. Conclusion
In this contribution, we have evaluated the power level of intermodulation products that result from the reverse intermodulation formed at the PA when two transmitters are operating simultaneously for 2UL inter-band CA.  Based on a lab measurement, we have made one observation and two proposals.
Observation:  The IM3 product due to PA reverse intermod is estimated to be -26 dBm and the IM5 product is estimated to be -65 dBm.
Proposal 1:  For self-band, GPS, WLAN, or other receiver desense, up to IM5 should be considered when the IM  product lands within the receive bandwidth.
Proposal 2:  IM3 products which impinge upon the 3rd harmonic of the Rx LO (assumed to be located in the center of the receive band) may cause desense and should be considered .
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