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1	Introduction
Inter-band CA 2UL intermodulation product power level had been analyzed in recent RAN4 meetings [1-3], where only off-chip passive components isolation was considered. In this contribution, we measured two-tone IMD3 and IMD5 power level on a commercially available UE B2 PA to mimic B2-B4 CA operation with finite on-chip isolation between two UL paths which could potentially be an issue in single-chip implementation [4].           

2	Discussion
Single-chip RF transceiver solutions to accommodate all CA scenarios (intra-band and inter-band) will face many technical challenges due to tapering isolation between mutually interfered CA signals and the associated frequency synthesizers. One potential issue in inter-band CA 2UL operation is the mutual coupling between two RF transmit signal paths as discussed in [4], where each transmit path would contain two carrier components before entering PA. As a result, intermodulation products generated by PA may need to be considered.
In this contribution, we used CA_B2-B4 as an example to evaluate the IMD3 and IMD5 level as a function of signal path isolation. Measurement was performed on a commercially available UE multi-mode multi-band (MMMB) PA configured for B2 operation. Figure 2-1 shows the measurement setup, where f1 = 1850 MHz represents the main signal to B2 PA and f2 = 1755 MHz mimics the undesired B4 UL carrier coupled to B2 signal path. fIMD3 = 1945 MHz is the expected high-side location of 3rd order intermodulation tone, and fIMD5 = 2040 MHz is the expected high-side location of 5th order intermodulation tone.
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Figure 2-1 CA_B2-B4 IMD measurement setup 

Two test tones were generated by separate signal generators. f1 input power was adjusted such that the power level at PA output was 23 dBm. f2 input power was set at 40-dB, 30-dB, 20-dB, and 10-dB lower than f1 input power respectively to represent four different isolation measures.
Table 2-1 summarizes the measurement data.

	Input Power (dBm)
	Output Power (dBm)

	f1
	f2
	f1
	f2
	fIMD3
	fIMD5

	-2
	-42
	23
	-26
	-44
	BNF

	-2
	-32
	23
	-16
	-34
	BNF

	-2
	-22
	23
	-6
	-24
	BNF

	-2
	-12
	23
	4
	-14
	-42

	BNF: Below SA noise floor


Table 2-1 CA_B2-B4 IMD level versus f1 and f2 isolation scale  
      
It is found that the measured IMD3 power level followed nicely to theoretical value, that is, dB-by-dB increase with f2 power level. 
To evaluate what on-chip isolation level shall be achieved in order to avoid desensitization caused by 2UL IMD3, we checked the B2-B4 quadplexer isolation data provided by a component vendor as shown in Figure 2-2.
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Figure 2-2 B2-B4 quadplexer isolation data

As B2 Tx filter can provide > 55 dB rejection in B2 Rx range, based on our analysis in [5] that desensitization could be avoided when IMD3 level is less than -80 dBm, it is concluded that on-chip isolation of 30 dB or better is desired.

3	Conclusion
In this paper, we performed CA_B2-B4 2UL IMD measurement on a UE PA to address the potential issue in single-chip RF transceiver solutions which support all CA scenarios. Based on our measurement result and analysis, it is concluded that on-chip isolation of 30 dB or better between two Tx RF paths is likely sufficient to avoid desensitization problem.  
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