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1 Introduction

In the previous RAN4 #63 meeting in Prague, it is agreed that the MSD methodology can be used for the analysis of REFSENS test for inter-band CA class A2. And also, harmonic filter can be used to protect the 3rd harmonic interference. So in this paper, we provide the REFSENS test results and proposed to use common simulation assumptions & RF parameters to determine MSD level with harmonic filter.
2 RF simulation assumption for inter-band CA class A2
In this section, we define the RF simulation assumption and parameters to analyze the REFSENS level using MSD methodology for inter-band CA class A2 with harmonic filter. For the analysis, the reference of the inter-band CA combination is focused on band 4 and band 17 combination cases. And also we provide our reference RF architecture in figure 1. 
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Figure 1: basic RF architecture for inter-band CA class A2
The two cases having impact on REFSENS level of Band 4 receiver are shown in figure1. Case1 is that the interferences from the 3rd harmonics of B17 Tx degrade the REFSENS of the B4 Rx. And case2 is for the coupling effect of the 3rd harmonics of B17 Tx signal. So we focus on how much degradation the REFSENS level may have in Band4 by two factors.
The general test parameters for REFSENS level in inter-band CA class A2 are as below
· General simulation condition & RF parameters for inter-band CA class A2
· DL configuration for Band 4 Rx : 
· Center freq. : 2145MHz, 
· Channel BW: 5MHz channel BW,
· RB allocation: Full RBs allocation in 3rd harmonic regions from band 17, 
· Modulation: QPSK
· Rx RF component IL : 4.0dB = 3.6dB + implementation margin 0.4dB

· 3.6dB (ANT SW: 0.85dB,  Diplexer :0.45dB, Duplexer: 2.3dB) 
( additional IL => 0.45dB (RF component based loss)
· UL configuration for Band 17 Tx : 
· Center freq. : 713.5MHz,

· Channel BW: 5MHz channel BW, 
· RB allocation: 8RB in upper band (714.31~715.75MHz, 17 offset), 
· Modulation: QPSK, 
· Maximum output power = 23dBm with 0dB MPR

· Tx RF component IL : 4.0dB = 3.92dB + implementation margin 0.08dB

· 3.92dB (ANT SW: 0.55dB,  Diplexer :0.27dB, Duplexer: 2.5dB, harmonic filter: 0.6dB) ( additional IL => 0.87dB (RF component based loss)
In previous RAN4 meeting, MSD methodology approach was agreed in ad-hoc meeting. But the simulation results of the required MSD levels are critically affected by the factors such as the PA 3rd harmonic suppression level, harmonic filter’s attenuation level, duplexer and diplexer attenuation level.

 And also REFSENS can be affected whether or not to consider the coupling loss by the radiated interference signals from the B17 Transmitter to the B4 receiver directly.
Therefore, to achieve the reasonable REFSENS/MSD level, we should define practical RF attenuation level of the harmonic filter, DPX, DIP and PA. And also, if UE have diversity antenna, the coupling loss can be different for main antenna or diversity antenna. 
Based on the above observation, we provide test parameters of RF components for REFSENS/MSD levels. These parameters are from the data sheets.
· Specific RF parameters for REFSENS tests in inter-band CA class A2

· B17 PA 3rd harmonic suppression level:  -42dB
· Duplexer harmonic attenuation level:       -27dB, 
· Harmonic filter attenuation level:             -40dB, 
· Diplexer harmonic attenuation level :       -20dB, 
· Coupling loss levels:                                  -50 ~ -90 dB.
3 RF simulation Results for inter-band CA class A2
In this section, we provide some preliminary REFSENS analysis to verify the performance of the harmonic filter. And also we try to see the impact of the radiated coupling loss from the B17 Transmitter to the B4 Receiver.
1)  Case1 analysis : Harmonic filter’ performance analysis
 We simulated the REFSENS performance to analyze the desense level in band 4 using provided simulation parameters.
Firstly, we verify the REFSENS performance in Band 4 downlink without interference signal in Band 17. 
Secondly, we verify the REFSENS performance in Band 4 downlink with interference signal in Band 17 and without harmonic filter. In this case, we need more Tx power to achieve the sensitivity requirements in B17.
Finally, we verify the REFSENS performance in Band 4 downlink with interfering signal in Band 17 with harmonic filter.

Table 1: Comparison of BLER performances
	Conditions 
	Desensitization 

	Test Number
	Diplexer Atten.
	Har. Filter Atten. 
	w/o Har. Filter 
	w/ Har. Filter 

	T1
	20dB
	40dB 
	35.8dB
	1.2dB 

	T2
	13dB
	40dB 
	43.0dB 
	4.6dB 

	T3
	13dB
	31dB 
	
	12.0dB 


From the table 1, we can see the interferences from uplink Band17 desensitized the receiver sensitivity level in Band4 when harmonic filter is not used in B17 Tx RF pass. But when UE use harmonic filter in B17 Transmitter, the desensitized level is just degraded by 1.2dB. So, harmonic filter is quite useful to reduce the impact of the 3rd harmonic interference signal in test 1~3. 

But one remarkable point is that the desensitized level by 3rd harmonic signal is dependent on the specific RF parameters such as DPX & Harmonic filter attenuation levels. 

In the last RAN4 meeting, one company proposed the MSD level in inter-band CA class A2. MSD 10dB with harmonic filter to eliminate 3rd harmonics is proposed, but the detail simulation assumption and parameters seems to be missing.
From these analyses, we can see that RF parameters for REFSENS tests have critical impact for determining REFSENS level. So we should define reasonable RF attenuation levels of the harmonic filter, DPX, DIP and PA before RAN4 start these REFSENS requirements study for inter-band CA class A2. 
Proposal 1) RAN4 should define the reasonable RF attenuation levels of the harmonic filter, DPX, DIP and PA before RAN4 start these REFSENS requirements study for inter-band CA class A2
2)  Case2 analysis : Coupling loss’ performance analysis by radiated Tx signal of B17
For analyzing radiated coupling impact from Tx signal of B17, we generally measure average coupling loss in UE, but this coupling loss is quite dependant on the UE implementation. 

As is well known, this coupling loss is general problem for CA class A2. So we might measure the coupling loss in UE side, and then we can apply this coupling loss in REFSENS simulation with MSD approach. One company provided the measurement method of coupling loss and analyzed the measurement of the leakage according to the diversity antenna and main antenna [4]. Even though UE use the harmonic filter to prevent the harmonic interference from the uplink of B17, the coupling loss by the radiated signals is not eliminated in UE side.
So we analyze the desense level of REFSENS according to the coupling loss when UE used harmonic filter in transmitter of Band 17.
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Figure 2: B4 Rx desensitization by coupling loss for inter-band CA class A2
From figure2, we can see the required MSD according to the coupling loss level with harmonic filter. And also we think the diversity antenna has less impact on the radiated interference signals. Therefore RAN4 should consider the average coupling loss level according to the diversity antenna and main antenna respectively.
Proposal 2) For these REFSENS requirements coupling study for inter-band CA class A2, RAN4 should consider the average coupling loss.
4 Conclusions
In this contribution we provided the preliminary REFSENS analysis for inter-band CA class A2.  From the analysis, we would like to propose followings
Proposal 1) RAN4 should define the reasonable RF attenuation levels of the harmonic filter, DPX, DIP and PA before RAN4 start these REFSENS requirements study for inter-band CA class A2
Proposal 2) For these REFSENS requirements coupling study for inter-band CA class A2, RAN4 should consider the average coupling loss.
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