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1
Introduction
Rx requirements for 2UL inter-band CA had been extensively discussed in the past few RAN4 meetings [1-5]. However, no conclusion has been drawn as what core requirements shall be defined or tested for the band combinations with or without IMD problem. In this contribution, we provide our view and assessment on the Rx requirements not being addressed previously and propose that only reference sensitivity (REFSENS) for the bands with IMD problem shall be specified.        
2
Discussion
As most Rx requirements are associated with REFSENS, which can be impacted when 2UL IMDs fall within DL carrier channel bandwidth, it is better to separate the discussion for the CA configurations with and without IMD problem.
2.1 Rx requirements for 2UL inter-band CA without IMD problem
For ACS, in-band blocking, narrow-band blocking, and wide-band inter-modulation, earlier analysis had shown that the performance under 2UL operation would not be worse than 1UL operation when total Tx output power is kept the same [3]. Therefore, we can already conclude that it is not necessary to define these requirements in 2UL as they have been covered in 1UL configuration.

2.1.1 Reference sensitivity
The Tx configuration associated REFSENS degradation in FDD CA operation is dependent on Tx out-of-band noise performance, self-band isolation, cross-band isolation, and Rx IP2 and phase noise performance. The Tx out-of-band noise, self-band isolation, and Rx IP2 and phase noise performance can be covered by single-band REFSENS test, while cross-band isolation can be verified by 1UL/2DL REFSENS test. Under 2UL operation, when Tx output power is evenly split into two UL CCs, the Rx IP2 induced noise can be reduced at least by 3 dB and Rx phase noise induced interference would not be worse than 1UL operation, while the Tx out-of-band noise leaking into Rx band could increase by 3 dB under worst-case scenario. 
Observation 1: Under 2UL operation, when Tx output power is evenly split into two UL CCs, the Rx IP2 induced noise can be reduced at least by 3 dB and Rx phase noise induced interference would not be worse than 1UL operation, while the Tx out-of-band noise leaking into Rx band could increase by 3 dB under worst-case scenario. 
Therefore, RAN4 needs to investigate whether additional relaxation shall be applied if REFSENS for 2UL inter-band CA without IMD problem would be tested.    
2.1.2 Out-of-band blocking
The main concern with Tx configuration associated impact to out-of-band blocking performance is when the inter-modulation products generated from Tx leakage and CW blocker would land on top of the DL carrier, as shown in Figure 2.1.2-1.
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Figure 2.1.2-1 IMD3 generated from CW OOB and Tx leakage which lands on DL carrier 
In the case of 2UL operation where the IMD generated from the 2nd UL carrier and CW blocker does not land on the DL carrier already affected by the 1st UL carrier, the performance impact to DL carrier would be less than in 1UL operation as the 1st UL carrier power is reduced by 3 dB, as illustrated in Figure 2.1.2-2.
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Figure 2.1.2-2 IMD3 generated from CW OOB and one of the two Tx leakages which lands on DL CC 

In some rare cases of 2UL operation where the IMD generated from the 2nd UL carrier and CW blocker also lands on the DL carrier already affected by the 1st UL carrier, the performance impact to DL carrier would not be worse than either one of the 1UL operation as the total IMD power is expected to be lower than (or at most equal to) the worse one of the two 1UL IMDs. Therefore, it can be concluded that for Tx configuration associated impact to out-of-band blocking performance, 2UL would not be worse than 1UL.

Observation 2: For Tx configuration associated impact to out-of-band blocking performance, 2UL would not be worse than 1UL. Therefore, it is not necessary to test OOB with 2UL as the worst case is already covered in 1UL.
2.1.3 Spurious response
The spurious response is intended to test out receiver’s ability on rejecting the OOB in the vicinity of DL carrier harmonic locations. As the blocker level is relatively low after Rx band filtering, it is expected that the IMD level generated with UL carrier would not cause any performance degradation to DL carrier. Therefore, it can be concluded that the spurious response performance is independent of UL configurations.
Observation 3: Spurious response performance is independent of UL configurations. Therefore, it is not necessary to test it with 2UL as the requirement is already verified in 1UL.
2.2 Rx requirements for 2UL inter-band CA with IMD problem
For 2UL inter-band CA with IMD problem, REFSENS is relaxed by MSD. If Rx requirements other than REFSENS would be defined, RAN4 may need to start a new Rx performance analysis campaign in order to decide both wanted signal levels as well as the interference levels.
Given ACS as an example, there may be two simple ways to define the requirement,

1. Increasing wanted signal by MSD while keeping interference level the same as in single-band test, as shown in the following diagram for 5-MHz channel bandwidth.
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Figure 2.2-1 One way of defining ACS requirement in 2UL inter-band CA
2. Increasing both wanted signal and interference level by MSD till interference level reaches -25 dBm, as shown in the following diagram for 5-MHz channel bandwidth.
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Figure 2.2-2 The other way of defining ACS requirement in 2UL inter-band CA
For the first approach by keeping the interference at constant level, it is expected the (ACI induced noise + thermal noise) to be less than (REFSENS + 14 dB) (red line in Figure 2.2-1). Therefore, it can be concluded that the “total noise” (IMD induced noise + ACI induced noise + thermal noise) is always less than (REFSENS + MSD + 14 dB), as exemplified in Figure 2.2-3. And it is essentially unnecessary to test this requirement.      
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Figure 2.2-3 Total noise versus wanted signal level in ACS test based on first approach
For the second approach, it is equivalent to test receiver’s ability to handle a constant ACI/Signal ratio at 31.5 dB over a wanted signal range from (REFSENS + 14 dB) to (REFSENS + 14 dB + Max(MSD)). This test condition, however, was not seen required before and remains to be verified. Without the advocate of any potential field deployment scenarios not being considered in earlier releases, it would be difficult to decide a whole new Rx requirement simply based on an MSD level. Therefore, it is suggested not to define any new requirement for 2UL CA with IMD problem.

Observation 4: Without the advocate of any potential field deployment scenarios not being considered in earlier releases, it would be difficult to decide a whole new Rx requirement simply based on an MSD level. Therefore, it is suggested not to define any new requirement except REFSENS for 2UL inter-band CA with IMD problem.  
3
Conclusion
In this contribution, we provided our view and assessment on the Rx requirements for 2UL inter-band CA without and with IMD problem and arrived at the following proposal,

Proposal: For 2UL inter-band CA, only REFSENS for CA combinations with IMD problem shall be specified. If REFSENS for 2UL inter-band CA without IMD problem would be tested, RAN4 needs to investigate whether additional relaxation shall be applied.            
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