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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #70 meetings, RAN4 agreed that IMD4 shall be considered for self-desensitization analysis in 2ULs inter-band CA UE case-by-case [1][2], which shall not modify the inter-band CA classes.
Based on the agreements, we performed measurement of IMD4 level for 2ULs CA_1A-5A UE. And we propose that RAN4 needs to allow additional relaxation of REFSENS by IMD4 for 2ULs inter-band CA_1A-5A UE.
2. Measurement on the IMD4 levels for 2ULs CA_1A-5A 
Table 1 shoes the frequency range of IMD4 products in CA_1A-5A combinations.
Table 1: Band 1 and Band 5 UL IMD4 product
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	 824
	849 
	1920
	 1980

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	 577 - 627
	 4911 - 4981

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high – 2*fy_low|

	IMD frequency limits (MHz)
	  2142 - 2312



To analyze the IMD4 products at PA output, we assumed the typical RF components values in CA_1A-5A as follows

· CA Channel BW : 10MHz  + 10MHz  
· RB Allocation : Victim band (Full RB), Aggressor band (1 RB)  
· Aggregated maximum output power : 25dBm with 2dB tolerance
· Tx/Rx RF component IL : 3.5dB
· 3.5dB = sum(ANT SW: 0.5dB,  Diplexer :0.5dB, Duplexer: 2.5dB)  
· FE coupling loss : 30~70dB
· Antenna loss :10dB
· Diplexer Characteristics: 20dB for Band 1- Band 5 isolation 
· Duplexer Characteristics: Tx-Rx isolation: 50dB 

For example, in the 2UL inter-band CA_1A-5A, the leakage from Band 5 into Band 1 can be modelled with two paths which are depicted in Figure 1. The first path (blue line) is general interference signal from band 5 transmission, which level is estimated to be about -34dBm considering general duplexer, diplexer and antenna loss. And the second path (yellow line) is generated by cross coupling effect through PCB which is quite dependent on the UE implementation. 


Figure1. Example of input signal level to generate the IMD4 at PA components

 This two leakages are described as Eq. 1 and Eq. 2 :
· The leakage signal level at “P” :                                
S1 (Blue line) = PA output power of Band 5 - Tx RF component loss of Band 5 –Rx RF component loss of Band 1 = -34dBm/CBW 						(Eq. 1)
S2 (Yellow Line) = PA output power of Band 5 – Coupling loss (30~70dB) = 25-(30~70) = -5  ~ -45 dBm/CBW 											(Eq. 2)

In Figure 1, the “P” is the point where IMD4 can be generated by two different signal paths (blue path and yellow path). But the input signal level by coupling loss in PA (yellow path) is more critical than the general interference signal by RF path (blue path). That is to say, assuming coupling loss of 50 dB to evaluate the IMD4 signal level in PA, the input signal level of Band 1 PA is about -25dBm which is 9dB higher than the general interference signal level of -34dBm by reversed RF path in blue line.


Figure2. IMD measurement setup by coupling loss at PA output

So, we can measure the IMD4 level by coupling loss as shown in Figure 2 [2]. The measurements results are shown in Table 2 and 3 according two test cases.
· Case 1: Band 1 Victim and Band 5 aggressor 
· Case 2: Band 1 aggressor and Band 5 victim 

Table 2: IMD4 measurements results of 2ULs CA_1A-5A UE in Case1
	Band 1
(MHz)
	Band 5
(MHz)
	Coupling 
loss
	B5 (aggressor)
 Power
	B1
(victim)
 Power
	Pout
	 Level at 607MHz
(IM4)
	Level at 2162 MHz
(IM4)
	Level at 1318 MHz
(IM5)

	1925
	844
	40dB
	-15dBm
	0 dBm
	25dBm
	-35.3
	-21.9
	-33.1

	1925
	844
	45dB
	-20dBm
	0 dBm
	25dBm
	-52.0
	-32.9
	-52.6

	1925
	844
	50dB
	-25dBm
	0 dBm
	25dBm
	-66.2
	-43.1
	

	1925
	844
	55dB
	-30dBm
	0 dBm
	25dBm
	-
	-52.2
	

	1925
	844
	60dB
	-35dBm
	0 dBm
	25dBm
	-
	-61
	



Table 3: IMD4 measurements results of 2ULs CA_1A-5A UE in Case2
	Band 1
(MHz)
	Band 5
(MHz)
	Coupling 
loss
	B5 (Victim)
 Power
	B1
(aggressor)
 Power
	Pout
	 Level at 607MHz
(IM4)
	Level at 2162 MHz
(IM4)
	Level at 1318 MHz
(IM5)

	1925
	844
	40dB
	0 dBm
	-15 dBm
	25dBm
	-26.0
	-67.2
	-33.1

	1925
	844
	45dB
	0 dBm
	-20 dBm
	25dBm
	-31.9
	-
	-52.6

	1925
	844
	50dB
	0 dBm
	-25 dBm
	25dBm
	-39.1
	-
	

	1925
	844
	55dB
	0 dBm
	-30 dBm
	25dBm
	-42.7
	-
	

	1925
	844
	60dB
	0 dBm
	-35 dBm
	25dBm
	-46.5
	-
	



From Table 2, we can see that the IMD4 level has quite an impact on the Band 1 DL frequency range (8th column) considering coupling loss of equal or less than 50 dB. From Table 3, the most measured IMD4 levels (7th column) are higher than those of Case1. But the frequency range of IMD4 in Case2 is not directly related to the own DL frequency of band 1 and band 5. And also the measured IMD4 level by |3*fx- 1*fy| is a bit higher than IMD4 level by |2*fx-2*fy|, but the difference is small. 
We can analyze impact on the REFSENS with this measurement. To do this, we consider the B1 duplexer attenuation to be 50dB. Then the estimated REFSENS degradation is:
· Desense level for 2ULs UE = Conventional thermal noise level – (Thermal noise + Interference level of IMD4 products)                                                                                                      (Eq. 3)
= -104dBm – (10^(-10.4) +10^( -9.31)) = -104dBm – (-92.76 dBm)
= -11.24dBm
 From the IMD4 measurements and REFSENS analyses, we can summarize the self desensitisation levels in Table 4 according to the coupling loss for Case 1. 

Table 4: Self-desensitization in Band 1 by coupling loss for 2ULs CA_1A-5A UE
	Coupling factor (dB)
	Desensitization (dB)

	40
	32.10

	45
	21.13

	50
	11.24

	55
	4.01

	60
	0.79



So we have the following observation and proposal.
Observation: For CA_1A-5A, when considering 50dB coupling loss in RF design, IMD4 impact is not negligible on REFSENS of Band 1.
Proposal 1: For the CA_1A-5A UE, RAN4 should consider the MSD level with 11.24dB for the REFSENS of Band 1.  

3. Conclusions
	In this contribution we measured the IMD4 level on PA output to analyze the impact the self desense problems. The followings are the observations and proposals in this paper.
Observation: For CA_1A-5A, when considering 50dB coupling loss in RF design, IMD4 impact is not negligible on REFSENS of Band 1.
Proposal 1: For the CA_1A-5A UE, RAN4 should consider the MSD level with 11.24dB for the REFSENS of Band 1. 
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6.2.1.1.2 [bookmark: _Toc378152281][bookmark: _Toc381717963]Co-existence studies for CA_1A-5A with 2ULs
For the analysis of 2UL inter-band CA 1A-5A UE, we should study and analyze the inter-modulation products and harmonics products when both Band 1 and Band 5 with 2ULs are transmitting simultaneously. 
The combination of Band 1 and Band 5 has harmonics frequencies that are far away from the components receive and transmit frequencies, in the UL and in the DL of the CA combination, as shown in table 6.2.1.1.2-1. So there was no harmonic issue except Band 41. In the conventional SE for UE-to-UE coexistence requirements, the 3rd harmonics of Band 5 UE already fall into B41 DL band, but exceptions for SE measurements are permitted if there is at least one individual RB within the transmission bandwidth for which the 2nd, 3rd or 4th harmonic totally or partially overlaps the measurement bandwidth (MBW) [3].  
Also, the inter-modulation products for CA_1A-5A UE with 2 ULs as shown in table 6.2.1.1.2-1. None of the IMD products fall into the own CA_1A-5A UE receive bands.  But, 2-tone 3rd IMD products may have impact on the Band 22 DL, Band 42 DL and 43 DL bands. But Band 22, Band 42 and Band 43 are far away from Band1 and Band 5, so we can assume that the UE front-end filter can effectively attenuate these IMD products.
Table 6.2.1.1.2-1: 2 UL B1 + B5 harmonic products and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1920
	1980
	824
	849

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3840 to 3960
	1648 to 1698

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5760 to 5940
	2472 to 2547

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1071 to 1156
	2744 to 2829

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2991 to 3136
	222 to 332

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	4664 to 4809
	3568 to 3678


For the connectivity radios (WLAN, BT etc. in ISM bands) and positioning systems (GPS, Galileo, Glonass, Compass, etc), RAN4 analyzed the impact of the IMD/Harmonic from dual-uplink CA transmission in Table 6.2.1.1.2-2. From the analysis table, WLAN system has some harmonics problems in 5GHz and 2.4GHz by 3rd harmonics from each Band 1 and Band5, respectively.
Table 6.2.1.1.2-2: The IMD/Harmonic analysis to protect ISM bands and positioning systems
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	No
	
	

	Galileo
	1559
	-
	1591
	No
	
	

	GLONASS
	1591
	-
	1610
	No
	
	

	GPS
	1563
	-
	1587
	No
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	Band5 3rd harmonics

	
	2400
	-
	2494
	Yes
	Asia
	Band5 3rd harmonics

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	Band1 3rd harmonics

	
	5150
	-
	5350
	No
	Europe
	

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	Yes
	Asia
	Band1 3rd harmonics




6.2.1.1.3 [bookmark: _Toc351726343]Analysis of IMD4 products
The IMD4 products for 2ULs CA_1A-5A UE are shown in table 6.2.1.1.3-1. The two-tone IMD4 products by |2*fx_low –2* fy_high| to |2*fx_high – 2*fy_low| fall into the own CA_1A-5A UE receive bands. And also 2-tone IMD4 products may have impact on the Band 4 DL, Band 10 DL and 23 DL bands. But Band 4, Band 10 and Band 23 are not deployed in the same region with CA_1A-5A UE.
Table 6.2.1.1.3-1: Band 1 and Band 5 UL IMD4 product
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	 824
	849 
	1920
	 1980

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	 577 - 627
	 4911 - 4981

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high – 2*fy_low|

	IMD frequency limits (MHz)
	  2142 - 2312



To analyze the IMD4 products on PA components, we assume the typical values of RF components as follows

· CA Channel BW : 10MHz  + 10MHz  
· RB Allocation : Victim band (Full RB), Aggressor band (1 RB)  
· Aggregated maximum output power : 25dBm with 2dB tolerance
· Tx/Rx RF component IL : 3.5dB
· 3.5dB = sum(ANT SW: 0.5dB,  Diplexer :0.5dB, Duplexer: 2.5dB)  
· FE coupling loss : 30~70dB
· Antenna loss :10dB
· Diplexer Characteristics: 20dB for Band 1- Band 5 isolation 
· Duplexer Characteristics: Tx-Rx isolation: 50dB 

For example, in the 2UL inter-band CA_1A-5A, the leakage from Band 5 into Band 1 can be modelled with two paths which are depicted in Figure 6.2.1.1.3-1. The first path (blue line) is general interference signal from band 5 transmission, which level is estimated to be about -34dBm considering general duplexer, diplexer and antenna loss. And the second path (yellow line) is generated by cross coupling effect through PCB which is quite dependent on the UE implementation. 


Figure 6.2.1.1.3-1 Example of input signal level to generate the IMD4 at PA components
 This two leakages are described as Eq. 6.2.1.1.3-1 and Eq. 6.2.1.1.3-2 :
· The leakage signal level at “P” :                                
S1 (Blue line) = PA output power of Band 5 - Tx RF component loss of Band 5 –Rx RF component loss of Band 1 = -34dBm/CBW 					(Eq. 6.2.1.1.3-1)
S2 (Yellow Line) = PA output power of Band 5 – Coupling loss (30~70dB) = 25-(30~70) = -5  ~ -45 dBm/CBW 										(Eq. 6.2.1.1.3-2)

In Figure 6.2.1.1.3-1, the “P” is the point where IMD4 can be generated by two different signal paths (blue path and yellow path). But the input signal level by coupling loss in PA (yellow path) is more critical than the general interference signal by RF path (blue path). That is to say, assuming coupling loss of 50 dB to evaluate the IMD4 signal level in PA, the input signal level of Band 1 PA is about -25dBm which is 9dB higher than the general interference signal level of -34dBm by reversed RF path in blue line.


Figure 6.2.1.1.3-2. IMD measurement setup by coupling loss at PA output

So, we can measure the IMD4 level by coupling loss as shown in Figure 6.2.1.1.3-2 [2]. The measurement results are shown in Table 6.2.1.1.3-2 and 6.2.1.1.3-3 according two test cases.
· Case 1: Band 1 Victim and Band 5 aggressor 
· Case 2: Band 1 aggressor and Band 5 victim 

Table 6.2.1.1.3-2: IMD4 measurements results of 2ULs CA_1A-5A UE in Case1
	Band 1
(MHz)
	Band 5
(MHz)
	Coupling 
loss
	B5 (aggressor)
 Power
	B1
(victim)
 Power
	Pout
	 Level at 607MHz
(IM4)
	Level at 2162 MHz
(IM4)
	Level at 1318 MHz
(IM5)

	1925
	844
	40dB
	-15dBm
	0 dBm
	25dBm
	-35.3
	-21.9
	-33.1

	1925
	844
	45dB
	-20dBm
	0 dBm
	25dBm
	-52.0
	-32.9
	-52.6

	1925
	844
	50dB
	-25dBm
	0 dBm
	25dBm
	-66.2
	-43.1
	

	1925
	844
	55dB
	-30dBm
	0 dBm
	25dBm
	-
	-52.2
	

	1925
	844
	60dB
	-35dBm
	0 dBm
	25dBm
	-
	-61
	



Table 6.2.1.1.3-3: IMD4 measurements results of 2ULs CA_1A-5A UE in Case2
	Band 1
(MHz)
	Band 5
(MHz)
	Coupling 
loss
	B5 (Victim)
 Power
	B1
(aggressor)
 Power
	Pout
	 Level at 607MHz
(IM4)
	Level at 2162 MHz
(IM4)
	Level at 1318 MHz
(IM5)

	1925
	844
	40dB
	0 dBm
	-15 dBm
	25dBm
	-26.0
	-67.2
	-33.1

	1925
	844
	45dB
	0 dBm
	-20 dBm
	25dBm
	-31.9
	-
	-52.6

	1925
	844
	50dB
	0 dBm
	-25 dBm
	25dBm
	-39.1
	-
	

	1925
	844
	55dB
	0 dBm
	-30 dBm
	25dBm
	-42.7
	-
	

	1925
	844
	60dB
	0 dBm
	-35 dBm
	25dBm
	-46.5
	-
	



From Table 6.2.1.1.3-2, we can see that the IMD4 level has quite an impact on the Band 1 DL frequency range (8th column) considering coupling loss of equal or less than 50 dB. From Table 6.2.1.1.3-3, the most measured IMD4 levels (7th column) are higher than those of Case1. But the frequency range of IMD4 in Case2 is not directly related to the own DL frequency of band 1 and band 5. And also the measured IMD4 level by |3*fx- 1*fy| is a bit higher than IMD4 level by |2*fx-2*fy|, but the difference is small. 
We can analyze impact on the REFSENS with this measurement. To do this, we consider the B1 duplexer attenuation to be 50dB. Then the estimated REFSENS degradation is:
· Desense level for 2ULs UE = Conventional thermal noise level – (Thermal noise + Interference level of IMD4 products)      										(Eq. 6.2.1.1.3-3)
= -104dBm – (10^(-10.4) + 10^(-9.31)) = -104dBm – (-92.76 dBm)
= -11.24dBm
 From the IMD4 measurements and REFSENS analyses, we can summarize the self desensitisation levels in Table 6.2.1.1.3-4 according to the coupling loss for Case 1. 

Table 6.2.1.1.3-4: Self-desensitization in Band 1 by coupling loss for 2ULs CA_1A-5A UE
	Coupling factor (dB)
	Desensitization (dB)

	40
	32.10

	45
	21.13

	50
	11.24

	55
	4.01

	60
	0.79



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