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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #67 meetings, some interested companies provided the active/passive IMD analysis for 2ULs inter-band CA UE [1][2][3], which states that inter-modulation will not violate -50dBm/1MHz UE-to-UE co-existence emission requirement. But in some CA classes, 2ULs CA UE has impact on the IMD problems to meet the 1UL UE-to-UE co-existence emission limits. So WF was not agreed in the last RAN4 meeting. 
In this contribution, we provided real measurements of IMD level for these passive components. And we propose that RAN4 need not make any additional UE-to-UE coexistence requirements for 2ULs inter-band CA class A1 UE since these passive & active IM3 levels are quite lower than -50dBm/MHz.
2. Measurement method on the IMD level of passive components for CA_1A-5A UE with 2ULs
To analyze the IMD from passive components, we assume the typical values of RF components as follows

· Aggregated maximum output power = 23dBm with 0dB MPR 
· PA gain = 27dB, PA IIP3 =40dB
· Tx/Rx RF component IL = 3.5dB
· 3.5dB (ANT SW: 0.5dB,  Diplexer :0.5dB, Duplexer: 2.5dB)  
· FE coupling loss = 40dB
· Antenna loss =10dB
· Diplexer Characteristics: Band 1- Band 5 isolation : 20dB 
· Duplexer Characteristics: Tx-Rx isolation: 50dB, Tx-Ant isolation : 35 dB (824-849MHz)

For the 2UL inter-band CA, the input signal level induced from the other operating Band Y into Band X through Duplexer/Diplexer/Switch/Quadplexer is quite high. That is derived in Eq. 2-1.
· The leakage signals level at RF Components of Band X                                  (Eq. 2-1)
S1 (Blue line) = PA output power of Band Y - Tx RF component loss of Band Y –Rx RF component loss of Band X 



Figure1. Class A1: Examples of the signal level at passive/active components
In Figure 1, we denoted the point where passive IMD can be generated as point A, B and C to compare with active IMD at point P. 
For the passive IMD analysis, we assume the input signal level from Band Y to Band X on these RF components at Duplexer, switch and Diplexer as follow
i) Duplexer Passive IMD (point A): consider the 23dBm input signal from Band X and -1dBm input signal from Band Y
ii) Switch Passive IMD (point B): consider the 20.5dBm input signal from Band X and -0.5dBm input signal from Band Y
iii) Diplexer Passive IMD (point C): consider the 20dBm input signal from Band X and 20dBm input signal from Band Y
So, we measured the passive IMD level with aid of RF component vendors. Table 1-1 ~ 3-2 provides the measured data of PIM for Duplexer, Diplexer and Switch components.
Table 1-1. Band1 Duplexer Passive IMD level
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Table 1-2. Band 5 Duplexer Passive IMD level
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Table 2-1. Band 1 Switch Passive IMD level
	Component : Band1 Switch
	

	Category 
	Input F1 
	Input F2 
	Input F3
	F1 Power 
	F2 Power 
	F3 Power
	Meas Frequency [MHz]
	Comp 1 PIMD level [dBm]
	Comp 2 PIMD level [dBm]
	Comp 3 PIMD level [dBm]

	2-tone IM2 
	1950 
	836.5 
	
	24dBm 
	0dBm 
	
	2786.5 
	<-90  
	< -107 
	< -96 

	
	1950 
	836.5 
	
	24dBm 
	0dBm 
	
	1113.5 
	 <-98 
	<-101 
	<-102 

	2-tone IM3 
	1950 
	836.5 
	
	24dBm 
	0dBm 
	
	4736.5 
	< -98  
	< -99 
	< -99 

	
	1950 
	836.5 
	
	24dBm 
	0dBm 
	
	3063.5 
	 < -100 
	< -103 
	< -103 

	3-tone IM3
	1980
	839
	849
	24dBm
	0dBm
	0dBm
	1990
	No signal
	No signal
	No signal

	
	1920
	824
	834
	24dBm
	0dBm
	0dBm
	1910
	No signal
	No signal
	No signal



Table 2-2. Band 5 Switch Passive IMD level
	Component : Band5 Switch
	
	  
	  
	
	  
	  
	  
	  

	Category
	Input F1
	Input F2
	Input F3
	F1 Power
	F2 Power
	F3 Power
	Meas Frequency [MHz]
	Comp 1 PIMD level [dBm]
	Comp 2 PIMD level [dBm]
	Comp 3 PIMD level [dBm]

	2-tone IM2
	836.5
	1950
	
	24dBm
	0dBm
	
	2786.5
	< -97
	< -107
	< -107

	
	836.5
	1950
	
	24dBm
	0dBm
	
	1113.5
	<-100
	< -100
	< -100

	2-tone IM3
	836.5
	1950
	
	24dBm
	0dBm
	
	3623
	< -105
	< -107
	< -107

	
	836.5
	1950
	
	24dBm
	0dBm
	
	277
	< -102
	< -105
	< -105

	3-tone IM3
	849
	1970
	1980
	24dBm
	0dBm
	0dBm
	859
	No signal
	No signal
	No signal

	
	824
	1920
	1930
	24dBm
	0dBm
	0dBm
	814
	No signal
	No signal
	No signal



Table 3-1. Band 1&5 Diplexer Passive IMD level
	Component : Band5 Diplexer
	
	  
	  
	
	  
	  
	  
	  

	Category
	Input F1
	Input F2
	Input F3
	F1 Power
	F2 Power
	F3 Power
	Meas Frequency [MHz]
	Comp 1 PIMD level [dBm]
	Comp 2 PIMD level [dBm]
	Comp 3 PIMD level [dBm]

	2-tone IM2
	836.5
	1950
	
	20dBm 
	20dBm 
	
	2786.5
	-123
	-135
	-136

	
	836.5
	1950
	
	20dBm 
	20dBm 
	
	1113.5
	-122
	-125
	-131

	2-tone IM3
	836.5
	1950
	
	20dBm 
	20dBm 
	
	3623
	-136
	-136
	-135

	
	836.5
	1950
	
	20dBm 
	20dBm 
	
	277
	-129
	-132
	-131

	3-tone IM3
	849
	1970
	1980
	20dBm
	20dBm
	20dBm
	859
	No signal
	No signal
	No signal

	
	824
	1920
	1930
	20dBm
	20dBm
	20dBm
	814
	No signal
	No signal
	No signal



From the Table 1-1 ~ Table 3-1, the passive IMD level is seen to be quite low with the IMD2 and IMD3 levels less than - 85dBm/MHz.  Therefore we can see that the passive IMD products can have negligible impact on the adjacent band UE. From the previous IMD analysis [1] and the measurements results of the RF components, we propose the followings:

Observation: The measurement of Passive IMD levels for real RF components and analysis of Active IMD levels reveals quite lower than -50dBm/MHz, which is the conventional UE-to-UE coexistence requirements. 
Proposal 1: RAN4 do not need to make any additional UE-to-UE coexistence requirements for 2ULs inter-band CA class A1 UE based on the related IMD measurements and analysis papers.

3. Conclusions
	In this contribution we measured the IMD level of these passive components such as Diplexer, duplexer and switch. The followings are the observations and proposals in this paper.
Observation: The measurement of Passive IMD levels for real RF components and analysis of Active IMD levels reveals quite lower than -50dBm/MHz, which is the conventional UE-to-UE coexistence requirements. 
Proposal 1: RAN4 do not need to make any additional UE-to-UE coexistence requirements for 2ULs inter-band CA class A1 UE based on the related IMD measurements and analysis papers.
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5.2.3 Dual Uplink CA Passive intermodulation measurements
5 
5.2.2 
5.2.3.1 Passive intermodulation measurement for CA class A1
To analyze the IMD from passive components, we assume the typical values of RF components as follows

· Aggregated maximum output power = 23dBm with 0dB MPR 
· PA gain = 27dB, PA IIP3 =40dB
· Tx/Rx RF component IL = 3.5dB
· 3.5dB (ANT SW: 0.5dB,  Diplexer :0.5dB, Duplexer: 2.5dB)  
· FE coupling loss = 40dB
· Antenna loss =10dB
· Diplexer Characteristics: Band 1- Band 5 isolation : 20dB 
· Duplexer Characteristics: Tx-Rx isolation: 50dB, Tx-Ant isolation : 35 dB (824-849MHz)

For the 2UL inter-band CA, the input signal level induced from the other operating Band Y into Band X through Duplexer/Diplexer/Switch/Quadplexer is quite high. That is derived in Eq. 5-1.
· The leakage signals level at RF Components of Band X                                  (Eq. 5-1)
S1 (Blue line) = PA output power of Band Y - Tx RF component loss of Band Y –Rx RF component loss of Band X 



Figure5.2.3.1-1. Class A1: Examples of the signal level at passive/active components
In Figure 5.2.3.1-1, we denoted the point where passive IMD can be generated as point A, B and C to compare with active IMD at point P. 
For the passive IMD analysis, we assume the input signal level from Band Y to Band X on these RF components at Duplexer, switch and Diplexer as follow
iv) Duplexer Passive IMD (point A): consider the 23dBm input signal from Band X and -1dBm input signal from Band Y
v) Switch Passive IMD (point B): consider the 20.5dBm input signal from Band X and -0.5dBm input signal from Band Y
vi) Diplexer Passive IMD (point C): consider the 20dBm input signal from Band X and 20dBm input signal from Band Y
So, we measured the passive IMD level with aid of RF component vendors. Table 5.2.3.1-1 ~ 5.2.3.1-5 provides the measured data of PIM for Duplexer, Diplexer and Switch components.

Table 5.2.3.1-1. Band1 Duplexer Passive IMD level
[image: ]


Table 5.2.3.1-2. Band 5 Duplexer Passive IMD level
[image: ]
Table 5.2.3.1-3. Band 1 Switch Passive IMD level
	Component : Band1 Switch
	

	Category 
	Input F1 
	Input F2 
	Input F3
	F1 Power 
	F2 Power 
	F3 Power
	Meas Frequency [MHz]
	Comp 1 PIMD level [dBm]
	Comp 2 PIMD level [dBm]
	Comp 3 PIMD level [dBm]

	2-tone IM2 
	1950 
	836.5 
	
	24dBm 
	0dBm 
	
	2786.5 
	<-90  
	< -107 
	< -96 

	
	1950 
	836.5 
	
	24dBm 
	0dBm 
	
	1113.5 
	 <-98 
	<-101 
	<-102 

	2-tone IM3 
	1950 
	836.5 
	
	24dBm 
	0dBm 
	
	4736.5 
	< -98  
	< -99 
	< -99 

	
	1950 
	836.5 
	
	24dBm 
	0dBm 
	
	3063.5 
	 < -100 
	< -103 
	< -103 

	3-tone IM3
	1980
	839
	849
	24dBm
	0dBm
	0dBm
	1990
	No signal
	No signal
	No signal

	
	1920
	824
	834
	24dBm
	0dBm
	0dBm
	1910
	No signal
	No signal
	No signal



Table 5.2.3.1-4. Band 5 Switch Passive IMD level
	1.1.1 Component : Band5 Switch
	  

	Category
	Input F1
	Input F2
	Input F3
	F1 Power
	F2 Power
	F3 Power
	Meas Frequency [MHz]
	Comp 1 PIMD level [dBm]
	Comp 2 PIMD level [dBm]
	Comp 3 PIMD level [dBm]

	2-tone IM2
	836.5
	1950
	
	24dBm
	0dBm
	
	2786.5
	< -97
	< -107
	< -107

	
	836.5
	1950
	
	24dBm
	0dBm
	
	1113.5
	<-100
	< -100
	< -100

	2-tone IM3
	836.5
	1950
	
	24dBm
	0dBm
	
	3623
	< -105
	< -107
	< -107

	
	836.5
	1950
	
	24dBm
	0dBm
	
	277
	< -102
	< -105
	< -105

	3-tone IM3
	849
	1970
	1980
	24dBm
	0dBm
	0dBm
	859
	No signal
	No signal
	No signal

	
	824
	1920
	1930
	24dBm
	0dBm
	0dBm
	814
	No signal
	No signal
	No signal



Table 5.2.3.1-5. Band 1&5 Diplexer Passive IMD level
	Component : Band5 Diplexer
	
	  
	  
	
	  
	  
	  
	  

	Category
	Input F1
	Input F2
	Input F3
	F1 Power
	F2 Power
	F3 Power
	Meas Frequency [MHz]
	Comp 1 PIMD level [dBm]
	Comp 2 PIMD level [dBm]
	Comp 3 PIMD level [dBm]

	2-tone IM2
	836.5
	1950
	
	20dBm 
	20dBm 
	
	2786.5
	-123
	-135
	-136

	
	836.5
	1950
	
	20dBm 
	20dBm 
	
	1113.5
	-122
	-125
	-131

	2-tone IM3
	836.5
	1950
	
	20dBm 
	20dBm 
	
	3623
	-136
	-136
	-135

	
	836.5
	1950
	
	20dBm 
	20dBm 
	
	277
	-129
	-132
	-131

	3-tone IM3
	849
	1970
	1980
	20dBm
	20dBm
	20dBm
	859
	No signal
	No signal
	No signal

	
	824
	1920
	1930
	20dBm
	20dBm
	20dBm
	814
	No signal
	No signal
	No signal



From the Table 5.2.3.1-1 ~ Table 5.2.3.1-5, the passive IMD level is seen to be quite low with the IMD2 and IMD3 levels less than - 85dBm/MHz.  Therefore we can see that the passive IMD products can have negligible impact on the adjacent band UE. From the previous IMD analysis [1] and the measurements results of the RF components, we propose the followings:

Observation: The measurement of Passive IMD levels for real RF components and analysis of Active IMD levels reveals quite lower than -50dBm/MHz, which is the conventional UE-to-UE coexistence requirements.

********************** End of text proposal to TR 36.860 chapter 5.2.3 ***********************

image3.png
Category Input F1 Input F2 Input F3 F1 Power F2 Power F3 Power Meas Frequency PIMD level
836.5 1950 - 24dBm 0dBm - 2786.5 -86 dBm

2-tone IM2 8365 1950 - 24dBm 0dBm - 11135 -85 dBm
836.5 1950 - 24dBm 0dBm - 3623 -107 dBm

2-tone IM3 836.5 1950 - 24dBm 0dBm - 277 -109 dBm
849 1970 1980 24dBm 0dBm 0dBm 859 95 dBm

3-tone IM3 824 1920 1930 24dBm 0dBm 0dBm 814 -100 dBm
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Category Input F1 Input F2 Input F3 F1 Power F2 Power F3 Power Meas Frequency PIMD level
5 M2 1950 836.5 - 24dBm 0dBm - 2786.5 -96 dBm
tone 1950 8365 - 24dBm 0dBm - 11135 -107 dBm
5 ™3 1950 836.5 - 24dBm 0dBm - 4736.5 -105 dBm
tone 1950 8365 - 24dBm 0dBm - 3063.5 -99 dBm
no signal
1980 839 849 24dBm 0dBm 0dBm 1990 (noise floor at
3-tone IM3 L i)
no signal
1920 824 834 24dBm 0dBm 0dBm 1910 (noise floor at

-97 dBm)





