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1	Introduction
When UE has 2 uplinks simultaneously, the extra harmonics and/or IMDs may fall back directly into DL directly affecting its own DL performance. Currently, In Class A4, IMD products from H/L, H/H or L/L bands CA may leak into DL on the same UE, causing desensitization of UE receiver sensitivity. In this contribution, we provided further analysis on DL impact from UE 2UL generated IMDs within Class A4 scope. It intended to initiate the study on 2UL impact on DL at UE, and open up this discussion to see if any consideration is needed for UE implementation.     

2	Discussion
In Class A4, either H/L or H/H, L/L 2UL combination could generate 2nd and/or 3rd or higher order IMDs that fall back to RX spectrum directly as Class A4 definition. This will cause desensitization of UE RX REFSENS directly. In this contribution, we did analysis to quantify the interference level regarding front-end components nonlinearity and imperfection following the methods in section 5.2 in [1].   
In this contribution, intermodulation products are considered up to 3rd order, this is aligned with Class A1-A5 definition. 5th order IMDs may also downgrade RX performance further. However, due to the difficulty of collecting IMD5 specs from front-end component vendors, we are not focusing on IMD5 in this contribution. In general, if IMD2 or IMD3 is large enough to cause any desensitization, IMD5 should be considered as well. Depending on the power levels, we could estimate that IMD5 has a power level of 10-30dB below the IMD2/IMD3 power level. A more detailed discussion is described in section 2.3.   
Due to 2 front-end architectures from CA band combinations of H/L, H/H and L/L, we provided separate analysis based on 2 primary architectures in section 2.1 and 2.2. Section 2.3 discussed IMD5/IMD7 in general. The performance degradation analysis is focused on desensitization of REFSENS in this contribution.


2.1	H/L Architecture
For H/L combination, we used the common diplexer front-end architecture with antenna switch from TR36.860, showing in Figure 2.1. Either 2nd order IMDs or 3rd order IMDs may fall directly into RX spectrum. 
· For 2nd order IMDs, |fhigh – flow| falls on low band RX frequency range, where fhigh is the transmitting signal on high band, and flow is the transmitting signal on low band. CA B3+B5 and B3+B26 belong to this situation. 
· For 3rd order IMDs, |2 x fhigh – flow| falls on low band RX frequency range, where fhigh is the transmitting signal on high band, and flow is the transmitting signal on low band. CA B7+B20 belongs to this situation. 
IMD could happen at multiple places for an UE Front-end. As showing in Figure 2.1, when the aggressor from high band leaks through the diplexer to low band antenna switch and duplexer, it reaches the victim low band PA as well as the low band PA will be an aggressor to the high band PA. IMDs are generated as marked with red spots in Figure 2.1: 
1. Low band antenna switch
2. Low band duplexer
3. Low band PA
4. Diplexer
5. High band antenna switch
6. high band duplexer
7. high band PA
8. High/low band PA leakage into many places on board through PCB and connector imperfection


Figure 2.1: Common diplexer based RF Front-end architecture
[image: ]Following TR36.860, section 5.2, analysis is concluded on IMD2 and IMD3 when they fall into RX frequency range. At this stage, it is not convenient to collect all intermodulation specs from component vendors, because front-end passive component intermodulation has not been an obvious issue at single uplink. Nor do we have a board available for PA leakage measurement. For example, it is more complicated for the IMDs happening at PA than traditional PA intermodulation definition, such as two inputs are feeding in from the same PA inputs. For 2UL IMD generation at PA, victim low band TX is going into PA, and the aggressor high band TX leaks into PA output, as shown in Figure 2.2. At this moment, we are lacking of data regarding this intermodulation, due to the lack of information from PA vendors. Due to PA design characteristics; this type of PA data may vary case by case and they can be the dominating source of intermodulation. We need to treat them individually. Either vendors will provide data in the future or some measurement on existing PAs is needed. Further study is required. Also, IMD2/IMD3 specs of diplexer is lacking from vendors at this moment. Therefore, we choose the specs as typical values among available vendors. This contribution intend to initiate the activity of 2UL impact on DL and open up a discussion to see if 2UL introduces real degradation on UE DL.
                 Figure 2.2 IMDs at PA

Regarding IMD analysis, we assume typical values for RF components as below:
· Aggregated maximum output power = 22.5dBm with 0dB MPR
· Low band PA output power =23dBm; high band PA output power =23dBm  
· Antenna Switch IIP3 =60dBm, IIP2=90dBm
· Tx/Rx RF component IL = 3.5dB
3.5dB (ANT SW: 0.5dB, diplexer: 0.5dB, duplexer: 2.5dB)  
· FE coupling loss = 40dB
· Diplexer isolation:  20dB 
· Duplexer Characteristics: Tx-Rx isolation: 50dB, Tx-Ant isolation : 35 dB 
· IMD2 and IMD3 calculation formulas:




Where and are fundamental and aggressor Power levels [dBm]




Where  and are fundamental and aggressor Power levels [dBm]

2.1.1 IMD2 leaking to low band 
To simplify IMD2 calculation, we only chose to calculate IMD of the antenna switch for illustration. However, other contributors like the PA may generate even worse IMD.
· 
Low band antenna switch: 
Where victim TX power = 23dBm – 0.5dB - 2.5dB = 20dBm; 
      Aggressor TX power = 23dBm - 3.5dB -20dB = -0.5dBm;
      IMD2 = 90dB.
The power leaking into duplexer is 3dB lower than -69.5dBm, because half of the power goes to the antenna port. Therefore -72.5dBm leaks into the low band RX. One-sided IMD2 is -75.5dBm. Assuming 5MHz signal, the power level of IMD2 is -83dBm/MHz roughly. 
Now we see clearly that this amount of IMD2 will degrade REFSENS of low band DL significantly, when normal noise level is only -174dBm/Hz +67dB = -107dBm for 5MHz bandwidth. Given NF = 8dB for receiver, this would cause ~30dB desensitization for low band REFSENS. Not to mention there are other major IMD2 contributors that we did not include in this analysis. The degradation of REFSENS could be much worse.
Observation 1: 2UL IMD2 would cause ~30dB desensitization for low band DL REFSENS at optimistic condition.  
2.1.2 IMD3 leaking to low band 
To simplify IMD3 calculation, we only choose to calculate IM of the antenna switch for illustration again. Also in this case the other contributors like the PA may generate even worse IM.
· 
Low band antenna switch: 
Where victim TX power = 23dBm – 0.5dB - 2.5dB = 20dBm; 
      Aggressor TX power = 23dBm - 3.5dB -20dB = -0.5dBm;
      IMD3= 60dB.
The power leaking into duplexer is 3dB lower than -99dBm, because half of the power goes to the antenna port. Therefore -102dBm leaks into the low band RX. One-sided IMD3 is -105dBm. Assuming 5MHz signal, the power level of IMD3 is -112dBm/MHz roughly. 
Now we see clearly that this amount of IMD3 will degrade REFSENS of low band DL significantly, when normal noise level is only -174dBm/Hz +67dB = -107dBm for 5MHz bandwidth. Given NF = 8dB for receiver, this would cause ~1.7dB desensitization for low band REFSENS. As it is similar to IMD2 situation, there are other major IMD3 contributors that we did not include in this analysis. In reality, Duplexer and diplexer and PA would have significant impact on IMD3 as well. Therefore the degradation of REFSENS will most likely be much worse. 
Observation 2: 2UL IMD3 of the antenna switch would cause ~1.7dB desensitization for low band DL REFSENS at optimistic conditions, other contributors (PA, duplexers, and leakage) will most likely have more impact.  
2.2 H/H or L/L architecture
For H/H or L/L combination, currently in Class A4, B2 + B4 combination is the only band combination. In this configuration, IMD3 will fall back to B4 DL spectrum. 
· For 3rd order IMDs, |2*fb2 – fb4| falls on low band RX frequency range, where fb2 is the transmitting signal from Band 2, also the aggressor signal in this case. Meanwhile fb4 is the transmitting signal from Band 4, also the victim signal in this case. 
Following B2+B4 CA 2DL discussion in last few meetings, we are adopting quadplexer for 2UL CA configuration [2][3]. In Figure 2.3, it is showed that IMD3 is generated at multiple places as in H/L architecture.  Very similar as in section 2.1, they mainly are diplexer, antenna switch, quadplexer, PAs and board and connector leakage. Again, at this early stage, it is quite difficult to collect all the front-end component IMD information. In this analysis, we used high band switch to estimate IMD3. For the same reason as for H/L architecture, we did not analyse PA, diplexer IM3 or board and connector leakage. Regarding the quadplexer, it could also have some IMD3 impact. However, further study and data is needed as well.





Figure 2.3 H/H architecture and IMD estimation

Applying the same front-end specification, below is our IMD3 calculation:
· 
High band antenna switch: 
Where victim B4 TX power = 23dBm – 3dB = 20dBm; 
      Aggressor B2 TX power = 23dBm – 3dB = 20dBm;
      Quadplexer IL = 3dB, IMD3= 65dB.
The power going back to the B4 part of the quadplexer is 3dB lower than -70dBm, assuming half of the power goes to the antenna port. Therefore, -73dBm leaks into B4 RX. One-sided IMD3 is -76dBm. Assuming 5MHz signal, the power level of IMD3 is -83dBm/MHz roughly. 
Now we see clearly that this amount that IMD3 will degrade REFSENS of low band DL significantly, when normal noise level is only -174dBm/Hz +67dB = -107dBm for 5MHz bandwidth. Given NF = 8dB for receiver, this would cause ~30dB desensitization for low band REFSENS. As it is similar to H/L architecture situation, there are other major IMD3 contributors that we did not include in this analysis. In reality, quadplexer, PA and diplexer may have significant impact on IMD3 as well. The degradation of REFSENS could be much worse. 
Observation 3: 2UL IMD3 would cause ~30dB desensitization for Band 4 DL REFSENS at optimistic condition.  

2.3 IMD5 and IMD7
From the above data, we can draw the conclusion that IMD2 and IMD3 have significant impact on DL performance. As briefly addressed, IMD2 and IMD3 power level can be about 10-30dB larger than IMD5. Hence, by rule of thumb, IMD5 would appear to be from 20 dB above the noise level down to a very comparable power level of existing noise level. If any of them falls into DL spectrum, it should be taken into account for REFSENS and other DL specs consideration. IMD7 may have some impact as well and required to be studied as well. However, this is to be decided. 
Observation 4: In Class A4, 2UL IMD5 and IMD 7 impact on DL should be studied.  
[bookmark: _GoBack]
3	Conclusion
In this contribution, we opened up a discussion on 2UL IMD impact to DL REFSENS based on a simplified front-end analysis. IMD2 and IMD3 degrade DL REFSENS significantly. Further studies are needed.  
Observation 1: 2UL IMD2 would cause ~30dB desensitization for low band DL REFSENS at optimistic condition.  
Observation 2: 2UL IMD3 of the antenna switch would cause ~1.7dB desensitization for low band DL REFSENS at optimistic conditions, other contributors (PA, duplexers, and leakage) will most likely have more impact.  
Observation 3: 2UL IMD3 would cause ~30dB desensitization for Band 4 DL REFSENS at optimistic condition.  
Observation 4: In Class A4, 2UL IMD5 and IMD7 impact on DL should be studied.  
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