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1. Introduction
This contribution is a resubmission of R4-12 presents measurement results of a study which investigated how much intermodulation distortion is generated in 2 UL interband CA operation when the UL of one band is coupled into the PA output of the other band.
2. Discussion
2.1 Background

If UE operated interband CA with two UL’s active simultaneously then there is a potential danger that these two signals generate intermodulation distortion. This distortion can happen in various places but in this study we measured how much IMD is generated when the aggressor PA signal is coupled into victim PA output.

For this study we have assumed a UE architecture presented in Figure 1.
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Figure 1 UE architecture

Based on this architecture following calculations were performed, see Table 1.

Table 1Aggressor PA power estimation as victim PA output
[image: image2.emf]Agressor PA output / dBm 20 20 20 20

Diplexer loss / dB 25 20 15 15

Duplexer loss / dB 40 35 35 30

Agressor power at victim PA output / dBm -45 -35 -30 -25


Hence we assume that the aggressor PA power at victim UE PA output is in the range of -25 ... -45 dBm

2.1 Measurement set-up
The measurement was conducted according to Figure 2. A LTE signal one resource block wide is fed to the victim power amplifier. The high-band PA is simulated using the attenuated CW output of a vector signal generator.
· Victim PA output power: +20 dBm

· Level of aggressor signal at victim PA output: -20 / -25 / -30 / -35 dBm

· Victim PA frequency:  700 MHz 

· Victim PA signal: 1 RB, QPSK
· Aggressor signal frequency: 800, 900, 1500, 1600, 1800, 1900, 2000, 2300 and  2500 MHz

· Aggressor signal: CW
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Figure 2:  Measurement set-up
2.2 Measurement results

Results are presented in four tables based on aggressor signal power at victim PA input.  Those IMD products that land on frequencies currently reserved for 3GPP operation are highlighted with colour. Red colour means that the IMD power is more than – 50 dBm/MHz and green colour means that it is less than – 50 dBm/MHz. IMD frequencies 2fH–fL and 2fH+fL generated in the victim PA are very weak (proven through measurements and theory) and hence left out of Tables 2 – 5. These IMD frequencies, in turn, will be generated at higher levels by the high-band PA.
Table 2: IMD level due to -20 dBm leakage to victim PA output
	Interfering carrier frequency fH / IMD frequency fIMD / IMD level PIMD

	fH
	
	 
	fH-fL
	fH+fL
	|2fL-fH|
	2fL+fH
	Unit

	800
	
	fIMD
	100
	1500
	600
	2200
	MHz

	 
	
	PIMD
	-48
	-62,1
	-41,2
	-71.4 *
	dBm

	900
	
	fIMD
	200
	1600
	500
	2300
	MHz

	 
	
	PIMD
	-34,5
	-66,9
	-38,1
	-65,7
	dBm

	1500
	
	fIMD
	800
	2200
	100
	2900
	MHz

	 
	
	PIMD
	-40,5
	-63
	-49,1
	-55,7
	dBm

	1600
	
	fIMD
	900
	2300
	200
	3000
	MHz

	 
	
	PIMD
	-46
	-64,2
	-47,7
	-56,1
	dBm

	1800
	
	fIMD
	1100
	2500
	400
	3200
	MHz

	 
	
	PIMD
	-54
	-66,9
	-53
	-48,5
	dBm

	1900
	
	fIMD
	1200
	2600
	500
	3300
	MHz

	 
	
	PIMD
	-58,8
	-66,7
	-53,6
	-49,5
	dBm

	2000
	
	fIMD
	1300
	2700
	600
	3400
	MHz

	 
	
	PIMD
	-68,8
	-69,2
	-52,2
	-55,5
	dBm

	2300
	
	fIMD
	1600
	3000
	900
	3700
	MHz

	 
	
	PIMD
	-71,1
	-64,9
	-59,5
	-74.2 *
	dBm

	2500
	
	fIMD
	1800
	3200
	1100
	3900
	MHz

	 
	 
	PIMD
	-75.1 *
	-72.9 *
	-63.3
	-73.5 *
	dBm

	* Inaccurate: IMD to noise ratio < 10 dB within measurement band.

	   True IMD level is lower than the measured value.


Table 3: IMD due to -25 dBm leakage to victim PA output

	Interfering carrier frequency fH / IMD frequency fIMD / IMD level PIMD

	fH
	
	 
	fH-fL
	fH+fL
	|2fL-fH|
	2fL+fH
	Unit

	800
	
	fIMD
	100
	1500
	600
	2200
	MHz

	 
	
	PIMD
	-52,9
	-67
	-46.1 *
	-74 *
	dBm

	900
	
	fIMD
	200
	1600
	500
	2300
	MHz

	 
	
	PIMD
	-39,7
	-72 *
	-43,3
	-69.9 *
	dBm

	1500
	
	fIMD
	800
	2200
	100
	2900
	MHz

	 
	
	PIMD
	-47,4
	-67.3 *
	-53,7
	-60,5
	dBm

	1600
	
	fIMD
	900
	2300
	200
	3000
	MHz

	 
	
	PIMD
	-50,9
	-68.4 *
	-52,6
	-60,9
	dBm

	1800
	
	fIMD
	1100
	2500
	400
	3200
	MHz

	 
	
	PIMD
	-59
	-70.5 *
	-56.9 *
	-53,3
	dBm

	1900
	
	fIMD
	1200
	2600
	500
	3300
	MHz

	 
	
	PIMD
	-63,8
	-70.2 *
	-57 *
	-54,5
	dBm

	2000
	
	fIMD
	1300
	2700
	600
	3400
	MHz

	 
	
	PIMD
	-72.4 *
	-71.9 *
	-53.8 *
	-60,2
	dBm

	2300
	
	fIMD
	1600
	3000
	900
	3700
	MHz

	 
	
	PIMD
	-74 *
	-68.4 *
	-63.6 *
	-74.3 *
	dBm

	2500
	
	fIMD
	1800
	3200
	1100
	3900
	MHz

	 
	 
	PIMD
	-75.7 *
	-73 *
	-68 *
	-73.4 *
	dBm

	* Inaccurate: IMD to noise ratio < 10 dB within measurement band.

	   True IMD level is lower than the measured value.


Table 4: IMD level due to -30 dBm leakage to victim PA output
	Interfering carrier frequency fH / IMD frequency fIMD / IMD level PIMD

	fH
	
	 
	fH-fL
	fH+fL
	|2fL-fH|
	2fL+fH
	Unit

	800
	
	fIMD
	100
	1500
	600
	2200
	MHz

	 
	
	PIMD
	-57,8
	-72
	-50,6
	-74.8 *
	dBm

	900
	
	fIMD
	200
	1600
	500
	2300
	MHz

	 
	
	PIMD
	-45,1
	-75.2 *
	-48,6
	-72.8 *
	dBm

	1500
	
	fIMD
	800
	2200
	100
	2900
	MHz

	 
	
	PIMD
	-52,1
	-71 *
	-57.7 *
	-64,8
	dBm

	1600
	
	fIMD
	900
	2300
	200
	3000
	MHz

	 
	
	PIMD
	-55,4
	-71.7 *
	-56,8
	-65
	dBm

	1800
	
	fIMD
	1100
	2500
	400
	3200
	MHz

	 
	
	PIMD
	-63,5
	-72.6 *
	-59.4 *
	-57,9
	dBm

	1900
	
	fIMD
	1200
	2600
	500
	3300
	MHz

	 
	
	PIMD
	-68 *
	-72.3 *
	-58.8 *
	-59,1
	dBm

	2000
	
	fIMD
	1300
	2700
	600
	3400
	MHz

	 
	
	PIMD
	-74.4 *
	-73.2 *
	-54.6 *
	-64.5 *
	dBm

	2300
	
	fIMD
	1600
	3000
	900
	3700
	MHz

	 
	
	PIMD
	-75.7 *
	-71 *
	-66.2 *
	-74.3 *
	dBm

	2500
	
	fIMD
	1800
	3200
	1100
	3900
	MHz

	 
	 
	PIMD
	-76.2 *
	-73.2 *
	-71.4 *
	-73.5 *
	dBm

	* Inaccurate: IMD to noise ratio < 10 dB within 1 MHz measurement band.

	   True IMD level is lower than the measured value.


Table 5: IMD level due to -35 dBm leakage to victim PA output
	Interfering carrier frequency fH / IMD frequency fIMD / IMD level PIMD

	fH
	
	 
	fH-fL
	fH+fL
	|2fL-fH|
	2fL+fH
	Unit

	800
	
	fIMD
	100
	1500
	600
	2200
	MHz

	 
	
	PIMD
	-60.6 *
	-74.8 *
	-52.9 *
	-75.1 *
	dBm

	900
	
	fIMD
	200
	1600
	500
	2300
	MHz

	 
	
	PIMD
	-49,9
	-76.6 *
	-52.9 *
	-74.4 *
	dBm

	1500
	
	fIMD
	800
	2200
	100
	2900
	MHz

	 
	
	PIMD
	-56.5 *
	-73.4 *
	-60.6 *
	-68.9 *
	dBm

	1600
	
	fIMD
	900
	2300
	200
	3000
	MHz

	 
	
	PIMD
	-60
	-73.8 *
	-60.9 *
	-69 *
	dBm

	1800
	
	fIMD
	1100
	2500
	400
	3200
	MHz

	 
	
	PIMD
	-68.1 *
	-73.8 *
	-60.8 *
	-62.6
	dBm

	1900
	
	fIMD
	1200
	2600
	500
	3300
	MHz

	 
	
	PIMD
	-71.8 *
	-73.5 *
	-59.7 *
	-63,6
	dBm

	2000
	
	fIMD
	1300
	2700
	600
	3400
	MHz

	 
	
	PIMD
	-75.6 *
	-73.9 *
	-54.8 *
	-68.4 *
	dBm

	2300
	
	fIMD
	1600
	3000
	900
	3700
	MHz

	 
	
	PIMD
	-76.8 *
	-72.7 *
	-67.9 *
	-74.4 *
	dBm

	2500
	
	fIMD
	1800
	3200
	1100
	3900
	MHz

	 
	 
	PIMD
	-76.5 *
	-73.2 *
	-74.2 *
	-73.4 *
	dBm

	* Inaccurate: IMD to noise ratio < 10 dB within 1 MHz measurement band.

	   True IMD level is lower than the measured value.


3.    Conclusion
Results indicate that measured 2nd and 3rd order intermodulation products were at very low level at the victim PA output. When the aggressor power at victim PA output was the highest estimated i.e. -20 dBm then the worst IMD product had a power of -40.5 dBm/MHz. The IMD is generated near the PA operating frequency as there the PA has its gain. When the IMD products landed further away their power was also much lower. 

These IMD products are attenuated in victim band duplex-filter before they reach the antenna port. This attenuation is in the range of 20 – 50 dB. As the worst case IMD occurs in the frequencies close to frequencies that the victim band is operating it can be assumed that the victim duplex-filter provides quite good rejection for the IMD.
The conclusion is that the IMD products at the antenna port are very low power i.e. – 70 dBm/MHz or lower. When this number is compared to the general UE to UE co-existence requirement which is – 50 dBm/MHz, it can be concluded that the IMD generated at the victim PA output because of aggressor signal will not exceed this requirement.

This study is applicable for all combinations of low, mid and high bands.

Further studies with other PA’s especially with high band PA will be conducted. 
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