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1	Introduction
CA_B2-B4 is currently categorized as class A4 owing to its UL 3rd order intermodulation products falling into its own DL band [1-2]. However, further analysis has shown that the UL 3rd order intermodulation products do not completely overlap with either of the DL carriers across the entire frequency operation range. As a result, band re-classification may be considered.        

2	Discussion
CA_B2-B4 is currently categorized as class A4 as its UL 3rd order intermodulation products high-side frequency range spans from 1945 MHz to 2110 MHz which overlaps with B2 DL range and also touches the B4 DL lower band edge, as illustrated in Figure 2-1.
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Figure 2-1 CA_B2-B4 2UL 3rd order intermodulation products high-side frequency range

With further detailed analysis, it can be found that in most of the CA bandwidth combinations, the 3rd order intermodulation products do not overlap with either of downlink carriers except when B2 carrier bandwidth b is 20 MHz and c < 5 MHz or d < 5 MHz, where a, b, c, and d are defined in Figure 2-2.
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Figure 2-2 CA_B2-B4 2UL high-side IMD3 location
In full RB operation condition, the worst-case desensitization would occur at a = 5 MHz, b = 20 MHz and c = d = 0, as shown in Figure 2-3, where the 3rd order intermodulation product effectively has a frequency span of 45 MHz and a 5-MHz overlap with B2 DL carrier which is also the maximum overlap in all bandwidth combinations.
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Figure 2-3 CA_B2-B4 2UL worst-case desensitization carrier allocation

Though frequency wise 5 MHz out of 45 MHz is not a trivial ratio, power wise, the edge 5 MHz only occupies a relatively small portion of the total intermodulation product power. Through our background multi-tone convolution analysis, we found that this ratio is around -30 dB. Considering that the sensitivity level of 20-MHz carrier with QPSK modulation is at -94 dBm, if the 3rd order intermodulation product power is less -80 dBm, there would not be desensitization issue in this band combination.
In RAN4 #66 meeting, Renesas had shown that the 3rd order intermodulation product level caused by antenna switch non-linearity is around -80 dBm [3]. In RAN4 #66bis meeting, Nokia presented the IMD measurement data where all the 2nd and 3rd order IMD power level mixed at PA output was less than -40 dBm before duplexer filtering when external isolation is better than 40 dB [4]. Though this measurement was performed on a low-band (LB) PA, it is still a good reference for high-band (HB) combination as both LB and HB need to deliver the same ACLR performance. Taking into account the B2-B4 quadplexer isolation data provided by a single vendor where B2 UL to B4 UL isolation is better than 50 dB and B2 UL to B2 DL is also better than 50 dB, it is expected that the 3rd order intermodulation product mixed at PA output to be less than -80 dBm in B2 DL range after filtering. In addition, we also evaluated the IMD3 and IMD5 level at B2 PA output by injecting two tones at PA input to mimic finite on-chip Tx isolation in single-chip implementation as presented in this meeting [5]. The measurement result also indicates that with on-chip isolation better than 30 dB, the IMD3 level in B2 DL band would be less than -80 dBm.               

3	Conclusion
In this contribution, CA_B2-B4 2UL 3rd order intermodulation product frequency location and power level relative to its own DL carriers had been analyzed. Though in worse-case carrier location and bandwidth combination, there is a 5-MHz overlap between intermodulation product and B2 DL carrier, desensitization may not occur as the intermodulation product power level is relatively low. As a result, re-classification of this CA combination from A4 to A3 may be considered.   
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