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1
Introduction
CA_B2_B4 2UL intermodulation analysis has shown that the 3rd order IMD may fall into its own DL of B2 [1]. However, further study has revealed that the 2UL 3rd order IMD do not completely overlap with either of the DL carriers among all carrier allocation and bandwidth combinations, and UE self-desensitization could potentially be avoided, as will be detailed in this contribution.           
2
Discussion
CA_B2_B4 on UE side was also categorized as class A4 [2] as its UL 3rd order IMD 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 IMD high-side frequency range

With further analysis, it can be found that in most of the CA bandwidth combinations, the 3rd order IMD actually do not overlap with B2 downlink carrier, as will be detailed below. Using Figure 2-2 as a generic model for IMD analysis, we can find that for 3rd order IMD to overlap with B2 DL carrier, the following conditions have to be met,
2*(1850 + d) – (1755 – c) < 1930 + d + b          (1) 
2*(1850 + d + b) – (1755 – c – a) > 1930 + d       (2)

where equation (1) can be rearranged as,

b > 15 + c + d                                  (3)

and equation (2) always holds under all circumstances.

[image: image2.emf]1710 1755 1850 1910 1930 1990 2110 2155

B4 UL B2 UL B2 DL B4 DL

a c d b

a+2b

F

GAP_L

F

GAP_L

F

GAP_H

F

GAP_H


Figure 2-2 CA_B2_B4 2UL high-side IMD3 location
From (3), it can be concluded that to avoid 3rd order IMD overlapping with B2 DL carrier, the following tactics can be exercised,
1. Limit B2 carrier bandwidth to less than 20 MHz.
2. Without limiting B2 carrier bandwidth, moving B4 UL away from high-side band edge by c MHz and B2 UL away from low-side band edge by d MHz, where (c + d) ≥ 5.
2.1 UE self-desensitization analysis
When 3rd order IMD does not overlap with DL carriers, the worst-case desensitization would occur at IMD being next to DL carrier, particularly when a = 5 MHz with channel boundary aligned with B4 UL lower band edge, and b = 1.4 MHz with channel boundary aligned with B2 UL higher band edge, as shown in Figure 2.1-1, with the assumption that B4 DL filter inside duplexer does not provide any attenuation to IMD.
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Figure 2.1-1 CA_B2_B4 worst-case desensitization when IMD does not overlap with DL carriers 
This situation is similar to adjacent channel interference, but with less impact at the same interference power level as IMD has a broader bandwidth and lower power density near channel boundary. So if we can make sure the IMD power level would not exceed the Rx ACS requirement, the self-desensitization can be avoided. For 5-MHz channel with -100-dBm sensitivity level, if IMD power can be kept below -75 dBm, there would be no self-desensitization problem. According to earlier RAN4 contributions on inter-band CA 2UL IMD characterizations for both active and passive intermodulation [3-6], 3rd order IMD power below -75 dBm into Rx bands likely can be achieved with typical device performance. Based on the above analysis, we can arrive at the following conclusion,

Conclusion 1: If 3rd order IMD does not overlap with DL carriers, there is no self-desensitization problem.       
When 3rd order IMD does overlap with B2 DL carrier, the worst-case desensitization would occur at a = 5 MHz, b = 20 MHz and c = d = 0, as shown in Figure 2.1-2, where the 3rd order IMD 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. 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 IMD 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 IMD power can be kept below -80 dBm, there would be no self-desensitization issue in this band combination. Based on this analysis, we can further draw the following conclusion,
Conclusion 2: If 3rd order IMD power level can be kept below -80 dBm, there is no self-desensitization problem in this band combination.  

[image: image4.emf]1710 1755 1850 1910 1930 1990 2110 2155

B4 UL B2 UL B2 DL B4 DL

F

GAP_L

F

GAP_L

F

GAP_H

F

GAP_H

1945

1990

1750

1870 1950

IMD3


Figure 2.1-2 CA_B2_B4 2UL worst-case desensitization carrier allocation
3
Conclusion

In this contribution, CA_B2_B4 UE self-desensitization caused by 2UL intermodulation products was studied. Based on our analysis, UE self-desensitization problem under 2UL operation can be avoided by,

1. Limit B2 carrier bandwidth to less than 20 MHz 
2. Without limiting B2 carrier bandwidth, moving B4 UL away from high-side band edge by c MHz and B2 UL away from low-side band edge by d MHz, where (c + d) ≥ 5. 
3. If without carrier bandwidth and allocation restriction, keep 3rd order IMD power level below -80 dBm.
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