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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #66BIS meetings, the Way forward on the protected Bands for inter-band CA with 2ULs was approved [1], which states that 
· Inter-band CA with 1UL
· UE follow conventional UE-to-UE coexistence requirements in table 6.6.3.2-1 of TS36.101
· Inter-band CA with 2ULs
· IMD analysis first for bands combination of interest

Based on the agreed way forward, this contribution provides a kind of generic approach that how to analyze the IMD for CA_ X-Y UE with 2ULs. To analyze the IMD analysis for inter-band CA with 2ULs, RAN4 should consider the passive IMD by the passive components such as Duplexer/Diplexer/ Quadplexer and Switch.
2. Study on the passive IMD for CA_X-Y UE with 2ULs
In this section, we try to elaborate on the reason why we should consider the passive IMDs.  
Figure 1 lists the candidate architectures based on the inter-band CA classes [5]. It is possible to reuse the reference architectures of inter-band CA with 1UL to the case of 2UL CA. 



                         
(a) Class A1: Reference architecture                 (b) Class A2: Reference architecture

                                  [image: 比較図]
(c) Class A3/A4: Reference architecture                 (d) Class A5: Reference architecture
Figure1. Reference architectures for Inter-band CA 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 X- Band Y isolation : 20dB 
· Duplexer Characteristics: Tx-Rx isolation: 50dB, Tx-Ant isolation : 35 dB (824-849MHz)

For the 1UL inter-band CA, the passive IMD level is not dominant factor based on the fact that the leakage signal level is quite similar to the noise level of -105dBm/MHz. However, when we consider 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    or
S2 (Red line) = PA output power of Band Y – Coupling loss + PA gain of Band X  


Figure2. Class A1: Examples of the signal level at passive/active components
In Figure 2, we denoted the point where passive IMD can be generated as point A, B and C to compare with active IMD at point P. 
From Eq. 2-1, we can derive the input signal level which we noted with blue line or red line in figure 2 at each Duplexer, switch and Diplexer component as follow
Input signal level at Duplexer (A point) = -1dBm or 10dBm
Input signal level at Switch (B point)     = -0.5dBm or 7.5dBm
Input signal level at Diplexer (C point)  = 19.5dBm or 6.5dBm
Therefore, the passive IMD level can be expressed as follows 
· Passive IMD analysis : Input signal from Band X & leakage signals from Band Y
From the passive IMD analysis, RAN4 can analyze the IMD impact on the inter-band CA with 2ULs at Duplexer, switch and Diplexer/Quadplexer as follow
i) Duplexer Passive IMD (A point): consider the 23dBm input signal from Band X and 10dBm input signal from Band Y
ii) Switch Passive IMD (B point): consider the 20.5dBm input signal from Band X and 7.5dBm input signal from Band Y
iii) Diplexer Passive IMD (C point): consider the 20dBm input signal from Band X and 20dBm input signal from Band Y
However, for the active component such as PA, the input signal from the Band X and leakage signal from Band Y levels are 
iv) PA Active IMD (P point):  consider the -4dBm input signal from Band X and -17dBm (=23-40dB) input signal from Band Y
Therefore, we can conclude that the IMD products from passive components are dominant factors to analysis of the IMD impact.
Observation: Dominant factors to the analysis of the IMD impact with 2ULs are passive IMD level from these passive RF components such as Duplexer/Switch/Diplexer/Quadplexer.

3. Active/Passive IM analysis
For the passive IM, RAN4 has studied the impact of PIM and test methodology on BS side. But until now, RAN4 has not discussed the PIM issues on UE side since it is generated by various non-linearity factors such as duplexer, jumper cable, feeder cables, antenna, and the connectors. This means it is quite difficult to measure the PIM level. Also, there is no explicit equation known to analyze the PIM level because the level is dependant on temperature variation, vibration and magnetic or paramagnetic materials in the signal path. 
However, we can know that the active IM level is calculated by Eq. 2-2
· Active IM3 calculation  at PA output                                                                        
IM3 = -2xIIP3 + 2xP1 + P2                                           (Eq. 2-2)
	Where, IIP3 is input 3rd order intercept point of non-linearity device, P1 and P2 are output power levels of device.
From the figure2, we can analyze the active IM3 as follows:
· P1 : Wanted signal level in PA output from Band X = 23dBm/MHz
· P2 : The leakage power level from Band Y = 10dBm/MHz
· Power of S1 (blue line) = -36dBm/MHz
· Power of S2 (Red line) = 10dBm/MHz
· Overall leakage power from S1 and S2 ≈ 10dBm/MHz
So the IM3 level at PA output of Band X can be calculated as follow:
IM3 = -2IIP3 + 2P1 + P2 = -2∙40dB + 2∙23dBm + 10dBm = -24dBm/MHz    (Eq. 2-3)
The IM3 level considering Duplexer attenuation and Tx insertion loss at reference measurement point can be evaluated by Eq.2-4 

Active IM3 level at Tx Ant = -24-35dB-0.5dB-0.5dB = -60dBm/MHz           (Eq. 2-4)

Hence, based on the above analysis that the active IM3 level is lower than -50dBm/MHz, RAN4 needs not make any additional requirements for UE-to-UE coexistence.
However, passive IMD impact and level at Tx antenna port cannot be analyzed and also the input signal levels at passive components are larger than those at active components. Considering all the above mentioned facts and analysis, we propose the followings:

Proposal1: RAN4 not make any additional requirements for UE-to-UE co-existence for inter-band CA with 2ULs based on the fact that active IM3 level is lower than -50dBm/MHz.
Proposal2: RAN4 could consider the passive IMD level for inter-band CA with 2ULs to see the IMD impact generated by passive components.

3. 
4. Conclusions and proposal
	In this contribution we elaborated on UE passive IMD and analyzed the active IMD level. We recommend that interested companies including RF component vendors are encouraged to provide the passive IMD level. The followings are the observations and proposals in this paper.

Observation: Dominant factors for analysis of the IMD impact with 2ULs are passive IMD level by passive RF components such as Duplexer/Switch/Diplexer/Quadplexer.

Proposal 1: RAN4 need not make any additional requirements for UE-to-UE coexistence in 2UL CA based on the fact that active IM3 level is lower than -50dBm/MHz.
Proposal 2: RAN4 could consider the passive IMD level for inter-band CA with 2ULs to see the IMD impact generated by passive components.
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