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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #69 meetings, there was proposal that for UE TX power tolerance would be taken into consider the individual power control for 2ULs inter-band CA. In this contribution, we provide our view on the remaining transmit requirements such as ACLR, SEM and transmit intermodulation for general 2ULs inter-band CA UE.
2. Remaining transmit requirements
Currently, RAN4 has agreed to have general SE requirements including UE-to-UE coexistence between 3GPP bands and also agreed not to consider the Harmonics/ IMD impacts on the ISM bands [1]. 
One discussion point is how to define the TX output power tolerance for 2ULs inter-band CA. In this paper, some remaining TX requirements are analyzed for 2ULs inter-band CA when both CCs are activated.
   		2.1 	SEM requirements
	Currently, RAN4 has assumed two RF front-end architectures for 2ULs inter-band CA as shown in Figure 1[2]. In both cases, individual RF chain is used for each PCell and SCell, respectively. 



Figure 1: Examples of 2ULs inter-band CA architectures

And also from the 2ULs inter-band CA combination under discussion in Table 1, the minimum band gap is observed in B2+B4 of Class A4, which is 95MHz. So the conventional SEM requirements in Rel-8/9 can be reused for the SEM of 2ULs inter-band CA.


Table 1: Dual-uplink inter-band CA combination lists
	Class
	Band Combination
	Frequency
	Band Gap

	Dual-uplink
Inter-band CA
	A1
	B1+5
	2.1G+800M
	1071MHz

	
	
	B1+B19
	2.1G+800M
	1075MHz

	
	
	B3+20
	1.8G+800M
	848MHz

	
	A2
	B3+8
	1.8G+900M
	795MHz

	
	
	B4+12
	2.1G+700M
	994MHz

	
	
	B4+17
	2.1G+700M
	994MHz

	
	A3
	B1+7
	2.1G+2.6G
	520MHz

	
	
	B3+B7
	1.7G+2.6G
	715MHz

	
	
	B4+B7
	1.7G+2.6G
	745MHz

	
	
	B5+B12
	2ULs
(824~849M) + (698~716M)
	108MHz

	
	
	B5+B17
	2ULs
(824~849M) + (704~716M)
	108MHz

	
	A4
	B3+5
	1.8G+800M
	861MHz

	
	
	B2+B4
	1.9G+2.1G
	95MHz

	
	
	B7+B20
	2.6G+800M
	1638MHz

	
	
	B3+B26
	1.8G+800M
	861MHz

	
	A5
	B1+B21
	2.1G+1.4G
	457MHz

	
	
	B19+B21
	800M+1.4G
	603MHz



In 2ULs inter-band CA band combinations in future release, if band gap between two bands is less than sum of fOOB_X and fOOB_Y, the SEM requirements allowing higher PSD level for emissions is chosen as intra-band NC CA case. 
From the observation, we propose as follow

Proposal 1:  The SEM requirement for 2UL CA should be the same as that in Rel-8/9 if band-gap is larger than fOOB_CBW_X + fOOB_CBW_Y.
Proposal 2 : The higher PSD levels of SEM of two individual carrier should be applied in the overlapped region if band-gap is smaller than fOOB_CBW_X + fOOB_CBW_Y.

2.2 	ACLR requirements
In the figure 2, we showed two cases for ACLR requirements for 2ULs inter-band CA. For current inter-band combinations, all deployments scenarios falls into case 1 in figure 2 due to the large band gaps. 


Figure 2: ACLR requirements for 2ULs inter-band CA

However, when considering 2ULs inter-band CA in future release, such that if band gap between is less the supported channel BW as shown in the case2 and case3 of figure 2, RAN4 can follow the ACLR requirements for intra-band non contiguous CA in TR36.823. 
Therefore, the typical possible solution can be proposed as follow
Proposal 3: ACLR requirement for 2UL CA should be the same as that in Rel-8/9 if band-gap is larger than channel BW for each CC.
Proposal 4: The ACLR requirement should be ignored if band-gap is less than the supported channel bandwidth for each CC.

2.3 	Transmit intermodulation requirements
For the transmit intermodulation, we propose a new test methodology to verify the inter-modulation products by 2ULs simultaneous transmission. In the test methodology, we assume both CCs are activated and positive interference signal on low band CC1 and negative interference signals on high band CC2 are simultaneous transmitted for inside-gap interference allocation test. In Figure 3, we described detailed test methodologies based on the each channel BW and band-gap between two inter-band UL frequencies. The conventional interference levels and required IM products levels can be reused. 
For the inside-gap interference allocation test, the positive interference signal for Band X allocated in the right side and the negative interference signal for Band Y allocated in the left side.
For the outside-gap interference allocation test, the negative interference signal for Band X allocated in the left side and the positive interference signal for Band Y allocated in the right side.
We analyzed three cases as follows for the TX inter-modulation test, 
· Case 1: Band Gap    2*(CBW_X+CBW_Y)
· Both inside -gap interference allocation test and outside-gap interference allocation tests will be operated sequentially


Figure 3: TX inter-modulation test methodologies for most 2ULs inter-band CA

· Case 2: 2*Min(CBW_X, CBW_Y)  Band Gap < 2*(CBW_X+CBW_Y)
· Both inside-gap interference allocation test and outside-gap interference allocation tests will be performed, where is no impact on the IM product


Figure (a): TX inter-modulation example test methodologies in Case2

· Case 3: Band Gap < 2*Min(CBW_X, CBW_Y) 
· Only outside-gap interference allocation test will be performed, where is no impact on the IM product


Figure (b): TX inter-modulation example test methodologies in Case3
Figure 4: TX inter-modulation test methodologies for rare 2ULs inter-band CA combination

From the analysis on the TX inter-modulation for 2ULs inter-band CA, we propose as follow
Proposal 5: For TX inter-modulation tests, new simultaneous test methodology is proposed as Figure 3 and Figure 4 based on band gap width. Inside-gap interference allocation test and outside-gap interference allocation test should be performed successively. For the tests, RAN4 can reuse the conventional interference levels and required IM products levels.
Proposal 6: When the band gap   2*(CBW_X+CBW_Y), both inside–gap interference allocation test and outside-gap interference allocation tests will be operated sequentially.
Proposal 7: When 2*min(CBW_X, CBW_Y) < Band Gap < 2*(CBW_X+CBW_Y), both inside- gap interference allocation test and outside-gap interference allocation tests will be performed, where is no impact on the IM product
Proposal 8: When 2*min(CBW_X, CBW_Y) > Band Gap, Only outside-gap interference allocation test will be performed, where is no impact on the IM product

3. Conclusions
	In this contribution, we show our view for the remaining Tx requirements for 2ULs inter-band CA. The followings are proposals in this paper.
Proposal 1:  The SEM requirement for 2UL CA should be the same as that in Rel-8/9 if band-gap is larger than fOOB_CBW_X + fOOB_CBW_Y.
Proposal 2 : The higher PSD levels of SEM of two individual carrier should be applied in the overlapped region if band-gap is smaller than fOOB_CBW_X + fOOB_CBW_Y.
Proposal 3: ACLR requirement for 2UL CA should be the same as that in Rel-8/9 if band-gap is larger than channel BW for each CC.
Proposal 4: The ACLR requirement should be ignored if band-gap is less than the supported channel bandwidth for each CC.
Proposal 5: For TX inter-modulation tests, new simultaneous test methodology is proposed as Figure 3 and Figure 4 based on band gap width. Inside-gap interference allocation test and outside-gap interference allocation test should be performed successively. For the tests, RAN4 can reuse the conventional interference levels and required IM products levels.
Proposal 6: When the band gap   2*(CBW_X+CBW_Y), both inside–gap interference allocation test and outside-gap interference allocation tests will be operated sequentially.
Proposal 7: When 2*min(CBW_X, CBW_Y) < Band Gap < 2*(CBW_X+CBW_Y), both inside- gap interference allocation test and outside-gap interference allocation tests will be performed, where is no impact on the IM product.
Proposal 8: When 2*min(CBW_X, CBW_Y) > Band Gap, Only outside-gap interference allocation test will be performed, where is no impact on the IM product.
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