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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #69 meetings, there was proposal that for UE REFSENS for class A4 would need to consider the desensitization level due to the self interference by 2ULs inter-band CA. And also, RAN4 should define the general Rx requirements for 2ULs inter-band CA UE. In this contribution, we provide our view on the remaining Receiver RF requirements such as REFSENS, maximum input level, ACS, and blocking characteristics for general 2ULs inter-band CA UE.
2. Remaining receiver requirements for general
Currently, RAN4 has discussed the REFSENS degradation levels for some inter-band CA classes. When we review the inter-band CA with 1UL case, RAN4 allowed REFSENS relaxation for class A2 band combinations due to the self interferences by the low band harmonic products. So RAN4 adopted the harmonic filters to reduce the harmonic level for class A2. And also RAN4 need to further study the 3rd IMD product problems in own DL band for 2ULs inter-band CA class A4. Furthermore, RAN4 should define some remaining issues such as maximum input level, ACS, blocking characteristics, intermodulation characteristics for general 2ULs inter-band CA UE
In this paper, some of remaining general RX requirements such as REFSENS, maximum input level and ACS are analyzed for 2ULs inter-band CA when both CCs are simultaneous activated. In the next RAN4 meeting, we will provide our view on the blocking characteristics and inter-modulation characteristics for general RX requirements
   		2.1 	REFSENS requirements
	For the 2ULs inter-band CA, REFSENS requirements should be defined when both DL and UL CCs are activated simultaneously. When there is no harmonics/IMD problem such as inter-band CA class A1 and A3, RAN4 should only consider the  RIB to determine REFSENS levels. 
For the class A2 such as B4+B17 and B4+B12 combinations, RAN4 has considered harmonic filter to suppress the 3rd harmonic interference terms at the output of the duplexer as shown in figure 1-a. Furthermore, in Class A4, Quadplexer can be used to support H/H or L/L band combinations for multi-mode and multi-RAT systems. In both cases, harmonics/IMD products fall into the own Rx bands, respectively. 
[image: ]
Figure 1-a) 2ULs Inter-band CA class A2 with Harmonics filter in Low Tx band


Figure 1-b) 2UL Inter-band CA class A4 with Quadplexer
Figure 1: Examples of 2ULs inter-band CA architectures

In most Rel-12 inter-band combinations with 2ULs, there was no Case 2 combination except B2+B4 as shown in Figure 2.
In this figure, the worst scenario for REFSENS requirement is Case 3 since the Band Y UL signal is too close to the Band X DL frequency, it can possibly generate harmful interference into Band X DL. In this case, we do not follow conventional REFSENS requirements due to the stronger interference signals compared to single CC case. Fortunately, there is no such combination as Case3 in Rel-12. 
 From the contributions [4][5][6] in the last RAN4 meeting, we could see that there was REFSENS desensitization in the own DL frequency bands in class A2 and A4. Therefore, we can reuse MSD approach in such band combinations. For these cases, we should analyze and decide the desensitized REFSENS levels considering average coupling loss due to radiated RF signals in variable PCB design.


Figure 2: REFSENS tests methodology for 2ULs inter-band CA

 From the observation, we propose as follow
Proposal 1: For the general principle, if there are no harmonics and IMD problems in own DL bands, RAN4 should only consider the RIB values to determine REFSENS requirements with conventional UL configuration.
Proposal 2: For the class A2, when the harmonics of Band X fully overlaps with band Y’s DL, RAN4 can adopt the harmonics filter in low band transmitter to suppress the harmonic interference terms. 
Proposal 3: MSD approach can be reused to determine REFSENS requirements for class A2 and A4, and the detailed UL configurations can be defined according to each inter-band CA combination.

2.2 	Maximum input level requirements
The conventional maximum input level can be reused for 2ULs inter-band CA. And the maximum input level test should be performed separately per each component carrier when both 2ULs are activated. 
In order to keep each CC of the receiver having same performance with R8/9, the maximum input level should remain -25dBm, so the maximum input level of the UE should be up to -22dBm for 2ULs inter-band CA. Therefore, the following proposals are given to define maximum input level.
Proposal 4: The maximum input level is defined as a sum of mean power received at the UE antenna port over each component carrier, and the maximum input level test should be performed separately per each component carrier when both 2ULs are activated.
Proposal 5: The maximum input level of the UE should be up to -22dBm for 2ULs inter-band CA. 

2.3 	ACS (Adjacent Channel Selectivity) requirements
For the ACS requirements of 2ULs inter-band CA, we propose the simultaneous test methodology to verify the receiver filter performance. We assume both DL CCs are activated and ACS test will be performed for in-gap test and out-of-gap test successively. The in-gap test mean the positive interference signal is allocated on the low band CC and negative interference signal is also allocated on the high band CC. And the out-of-gap test mean the negative interference signal is allocated on the low band CC and positive interference signal is also allocated on the high band CC as shown in figure3. 


Figure 3: ACS tests methodology for 2ULs inter-band CA
Among the proposed 2ULs inter-band CA combination in Rel-12, the smallest band gap between high band CC and low band CC is 120MHz which is B2+B4 combination. Hence it is possible to perform both in-gap and out-of-gap tests since the band gap width is large enough to guarantee a maximum of the Rel-8 interference frequency offset from both carriers. Here, interference frequency offset means that offset level between each CC’s centre frequency and modulated interference centre frequency.
However, for 2ULs inter-band CA band combinations in future release, where the band gap width is not guaranteed to set the rel-8 interference frequency offset from both carriers, then RAN4 can only perform the out-of-gap test for ACS requirements to verify the receiver filter performance.
For the power levels of wanted carriers and interfering signal, we can reuse the conventional Rel-8/9 configuration levels according to the channel bandwidths of each carrier as shown in Figure 4. 


Figure 4: ACS tests methodology for different channel BW of B2+B4 2ULs inter-band CA

From the analysis on the ACS for 2ULs inter-band CA, we proposed as follow
Proposal 6: For ACS tests, simultaneous test methodology is proposed as Figure 3 and Figure 4. In-gap test and out-of-gap test should be performed successively when the band gap width is guaranteed to set the rel-8 interference frequency offset. 
Proposal 7: If the gap width is not guaranteed to set the rel-8 interference frequency offset from both carriers, then RAN4 only performed the out-of-gap test.
Proposal 8: The interferer power level can be set to be the same as those in Rel-8/9 ACS requirements.

3. Conclusions
	In this contribution, we show our view for the remaining general Rx requirements for 2ULs inter-band CA. The followings are proposals in this paper.
Proposal 1: For the general principle, if there are no harmonics and IMD problems in own DL bands, RAN4 should only consider the RIB values to determine REFSENS requirements with conventional UL configuration.
Proposal 2: For the class A2, when the harmonics of Band X fully overlaps with band Y’s DL, RAN4 can adopt the harmonics filter in low band transmitter to suppress the harmonic interference terms. 
Proposal 3: MSD approach can be reused to determine REFSENS requirements for class A2 and A4, and the detailed UL configurations can be defined according to each inter-band CA combination.
Proposal 4: The maximum input level is defined as a sum of mean power received at the UE antenna port over each component carrier, and the maximum input level test should be performed separately per each component carrier when both 2ULs are activated.
Proposal 5: The maximum input level of the UE should be up to -22dBm for 2ULs inter-band CA. 
Proposal 6: For ACS tests, simultaneous test methodology is proposed as Figure 3 and Figure 4. In-gap test and out-of-gap test should be performed successively when the band gap width is guaranteed to set the rel-8 interference frequency offset. 
Proposal 7: If the gap width is not guaranteed to set the rel-8 interference frequency offset from both carriers, then RAN4 only performed the out-of-gap test.
Proposal 8: The interferer power level can be set to be the same as those in Rel-8/9 ACS requirements.
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