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1	Introduction
Inter-band CA 2UL intermodulation product power level had been studied in recent RAN4 meetings [1-6]. In this contribution, we provided two-tone IMD3, IMD5, and IMD7 measurement data particularly on UE antenna switches from three component vendors for future reference.  

2	Discussion
Intermodulation products resulting from two simultaneous transmitters in inter-band CA can be generated from various components along the transmitter front-end signal path, as illustrated in Figure 2-1. Among them antenna switch IMD is of particular concern as in H/H and L/L CA or H/L CA without common diplexer, the antenna switch would observe equal maximum output power from both UL carriers, as shown in Figure 2-2. Other passive components such as diplexer, duplexer, and quadplexer would only see one carrier at maximum power and the other carrier with power scaled down by diplexer/duplexer/quadplexer isolation which would tend to reduce higher-order IMD significantly. On the other hand, although PA may have worse nonlinearity than passive components due to the nature of active circuitry, higher order IMD could still be mitigated by increasing band selectivity at PA output.
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Figure 2-1 IMD generation sources in inter-band CA with 2 UL
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Figure 2-2 A UE front-end configuration for inter-band CA without common diplexer

In this contribution, we measured UE antenna switch two-tone IMD up to 7th order at or above nominal CA maximum output power. Figure 2-3 shows the measurement setup, where DUTs are provided by three component vendors. Two test tones were generated by separate signal generators. f1 frequency was adjusted such that all three IMD components would fall to near 2140 MHz. To make IMD5 and IMD7 distinguishable from measurement noise floor, each of the two input tones power was further increased up to 24 dBm. Table 2-1 summarizes the measurement data.
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Figure 2-3 Antenna switch two-tone IMD measurement setup 

	 
	Output IMD Level (dBm)
	Input Intercept Point (dBm)

	 
	IMD3
	IMD5
	IMD7
	IIP3
	IIP5
	IIP7

	Vendor 1
	-82.2
	-100.8
	-113.8
	70.6
	54.9
	46.8

	Vendor 2
	-86.6
	-110.1
	-120.1
	72.8
	57.3
	47.8

	Vendor 3
	-84.3
	-107.1
	-124.1
	71.6
	56.5
	48.5



Table 2-1 Summary of antenna switch IMD measurement data  

Though based on earlier 2UL IMD analysis [2], it is understood that lower order (2nd and 3rd) IMD products can already meet the UE coexistence requirement at -50 dBm/MHz, it is still not clear to RAN4 whether 5th or higher order IMD would have impact to UE self-desensitization or other inter-device radios, such as WiFi, Bluetooth, and GNSS applications.

To investigate whether antenna switch IMD products up 7th order would have desensitization impact to UE’s own receiver or other inter-device radios, we can derive output IMD power spectral density by normalizing the absolute power with IMD bandwidth based on worst-case inter-band CA bandwidth combination, which is approximately 5 MHz. The result is summarized in Table 2-2.

	 
	Maximum Output IMD PSD (dBm/Hz)

	
	IMD3
	IMD5
	IMD7

	Vendor 1
	-149.2
	-188.4
	-208.7

	Vendor 2
	-153.6
	-197.1
	-214.7

	Vendor 3
	-151.3
	-193.9
	-218.9

	Note 1: P1in = P2in = 20 dBm

	Note 2: Antenna switch insertion loss is 0.9 dB

	Note 3: Minimum IMD bandwidth is 5 MHz



Table 2-2 Summary of antenna switch maximum output IMD power spectral density

By comparing the IMD power spectral density with thermal noise floor of state-of-the-art receiver design at -170 dBm/Hz, we can see that 3rd order IMD would have significant desensitization impact to UE’s own receiver and other inter-device radios if antenna isolation is worse than 20 dB. On the other hand, IMD5 and IMD7 would not be an issue to both UE’s own receiver and other inter-device radio as their power spectral density is much lower than receiver thermal noise floor. 

3	Conclusion
In this paper, we performed UE antenna switch two-tone IMD measurement. From measurement result, it is concluded that antenna switch 5th order and 7th order IMD from 2UL inter-band CA would have no noticeable desensitization impact to UE’s own receiver as well as other inter-device radios. 
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