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1
Introduction
A new campaign on IMD4 and IMD5 analysis in 2UL inter-band CA has recently been started in RAN4 as they were recognized may potentially cause UE self-desensitization problem [1-3]. In this contribution, we carried out CA_B2_B4 2UL IMD5 power level analysis using a range of device performance parameters centered on the measurement or simulation data reported in earlier RAN4 meetings. 
2
Discussion
For B2_B4 2UL CA, earlier frequency analysis had shown that IMD3 and IMD5 can fall into its own B2 and B4 DL range, respectively [4], as recaptured by the following two equations,

|2*fB2 – fB4| = 1945 – 2110 MHz

|3*fB2 – 2*fB4| = 2040 – 2310 MHz

Though it was realized that IMD3 would only partially overlap with its own B2 DL carrier in all CA bandwidth and frequency allocations [5], IMD5, on the other hand, has a high probability to fall right on top of B4 DL carrier (center-aligned) which can be described by the following equations,

3*fB2 – 2*fB4 = fB4 + 400

or

fB4 = fB2 – (400/3)
where fB2 – (400/3) = 1716.67 – 1776.67 MHz overlaps with a sizable portion of B4 UL range.

With the concern that IMD5 could potentially desensitize B4 DL carrier, in this contribution, we provide IMD5 power level analysis based on the reference architecture as depicted in Figure 2-1 and a range of device performance parameters centered on the measurement or simulation data reported in earlier RAN4 meetings.

Table 2-1 summarizes the front-end components which may contribute to IMD5 and their associated linearity (IP5) performance range. Cross-band isolation parameters which can affect PA and LNA IMD power level are also summarized in the same table.

Based on these parameters, the IMD5 power level for each component was calculated using the following formula,
PIMD5 = 3*PB2 + 2*PB4 – 4*IP5
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Figure 2-1 CA_B2_B4 reference architecture for 2UL IMD analysis
	Component
	IP5 (dBm)

	
	Min
	Typ
	Max

	Ant. switch
	53
	56.21
	59

	Quadplexer
	48
	522
	56

	PA forward
	27
	281
	29

	PA reversed
	32
	361
	40

	LNA
	-10
	-83
	-6

	 
	Isolation (dB)

	PCB
	60
	65
	70

	Quadplexer Tx to Tx
	45
	50
	55

	Quadplexer Tx to Rx
	45
	50
	55

	Quadplexer Rx to Tx
	45
	50
	55

	Note 1: See reference [2]

	Note 2: See reference [6]

	Note 3: Number derived from simulation not presented in RAN4


Table 2-1 Summary of front-end component linearity and isolation performance
Table 2-2 summarizes the IMD power level resulted from each front-end component under different linearity and isolation performance where only Min-Min, Typ-Typ, and Max-Max combinations were considered and the lowest IMD power level shall correspond to Max-Max linearity and isolation performance.

	Component
	PB2 (dBm)
	PB4 (dBm)
	IMD5 (dBm)

	
	Min
	Typ
	Max
	Min
	Typ
	Max
	Min
	Typ
	Max

	Antenna Switch
	20
	20
	20
	20
	20
	20
	-136
	-124.8
	-112

	Quadplexer
	23
	23
	23
	23
	23
	23
	-109
	-93
	-77

	B2 PA forward
	23
	23
	23
	-17
	-12
	-7
	-136
	-117
	-98

	B4 PA forward
	-17
	-12
	-7
	23
	23
	23
	-176
	-152
	-128

	B2 PA reversed
	23
	23
	23
	-32
	-27
	-22
	-210
	-179
	-148

	B4 PA reversed
	-32
	-27
	-22
	23
	23
	23
	-265
	-229
	-193

	LNA
	-32
	-27
	-22
	-32
	-27
	-22
	-136
	-103
	-70

	Total
	 
	 
	 
	 
	 
	 
	-109
	-92.5
	-69.2


Table 2-2 Summary of IMD5 power level under different front-end component performance
The results show that the quadplexer and LNA nonlinearity can potentially cause considerable IMD5 level which may result in nearly 30-dB desensitization for B4 DL carrier in main receive path. It is also worth noting that the IMD5 level can vary substantially with the front-end component performance due to the nature of higher-order intermodulation products.   
3
Conclusion

In this contribution, we provided CA_B2_B4 2UL IMD5 power level analysis as a reference for future MSD development consideration. 
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