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1 Introduction
It was agreed in RAN#75 meeting that the non-standalone (NSA) dual connectivity mode will be prioritized as the first phase of Rel. 15 [1]. In this case, a UE will maintain two active uplinks which may result in coexistence issues. In [2], the UE coexistence issues have been analyzed based on the proposed LTE/NR band combinations from different companies. Among the proposed LTE/NR band combinations, it can be observed that many companies have interest in the LTE-NR frequency band combination of B3 + 3.5 GHz [3] [4].
Considering the strong needs of LTE B3 + NR 3.5 GHz from operators, in this paper, we provide our considerations on coexistence issues for this important band combination.
2 Discussion
Based on the coexistence analysis in [2], as shown in Table 1, there are 2nd, 3th, 4th and 5th order IMD falling into LTE B3 DL and 2nd order harmonics falling into NR 3.5GHz. 
Table 1 Coexistence issues for B3+3.5GHz

	LTE band
	NR frequency
	Harmonic/IMD falls into LTE B3 DL
	Harmonic/IMD falls into NR 3.5GHz DL

	B3
	3.3-3.8GHz/

3.3-4.2GHz
	2nd, 3th, 4th and 5th order IMD 

2nd order harmonic mixing
	2nd order Harmonics of B3


2.1 Harmonic and harmonic mixing issues 
According to the requirements for 2DL/1UL inter-band CA in TS 36.101 V14.3.0, the MSD of CA_3A-42A for 2nd harmonics is copied in the following Table 2.
Table 2: Reference sensitivity for CA_3A-42A QPSK PREFSENS (exceptions due to harmonic issue)

	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_3A-42A9,10
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	42
	
	
	-71.7
	-71.7
	-71.7
	-71.7
	TDD


As shown on Table 2, for LTE CA_3A-42A, the MSD of B42 Rx due to the 2nd harmonic of B3 Tx is up to 27.3dB. 
If we assume the similar RF component performance as studied in LTE CA_3A-42A, the MSD of B3 Rx due to 2nd harmonic mixing from NR 3.5GHz will be in the same level with the MSD of 3.5GHz Rx due to the 2nd harmonic of B3 Tx.

Therefore, we have the following observations:

Observation 1: The MSD of B42 Rx due to the 2nd harmonic of B3 Tx in LTE CA_3A-42A is up to 27.3dB.
Observation 2: If we assume the similar RF component performance as studied in LTE CA_3A-42A, the MSD of B3 Rx due to 2nd harmonic mixing will be in the same level with the MSD of 3.5GHz Rx due to the 2nd harmonic.
Meanwhile, based on the discussion in [5], PCB isolation is the bottleneck for both 2nd harmonic and 2nd harmonic mixing issues whether HTF is used or not. Hence if the PCB isolation cannot be improved in NR UE, it is difficult to use this band combination due to the high MSD of 2nd harmonic and 2nd harmonic mixing issues. 
Observation 3: When HTF is used, PCB isolation is the bottleneck for both harmonic and harmonic mixing issue.

Therefore, from the point of operators’ view, it is encouraged to find RF solutions to improve MSD requirements for 2nd harmonic and harmonic mixing issues in RAN4. However, in our understanding, under the state-of-art technology, it is hard to improve this MSD so much to make the impact of harmonic to be acceptable. For example, even though the MSD of 2nd harmonic and 2nd harmonic mixing can be improved by 10dB, the MSD is still too large to be acceptable for operators.
Observation 4: Even though the MSD of 2nd harmonic and 2nd harmonic mixing can be significantly improved, e.g., improved by 10dB, the MSD is still too large to be acceptable for operators.
2.2 IMD issue
According to the analysis for 2DL/2UL inter-band CA in TR 36.714-00-00 V14.0.0, the MSD summary of LTE CA_3A-42A for 2nd, 4th and 5th IMD is provided in the following Table 3.
Table 3: MSD summary for dual uplink B3+B42
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA 
Configuration
	EUTRA band
	UL Fc 
(MHz)
	UL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	Source of IMD

	CA_3A-42A
	3
	1740
	5
	25
	1835
	29.8
	FDD
	IMD2

	
	42
	3575
	5
	25
	3575
	N/A
	TDD
	N/A

	CA_3A-42A
	3
	1765
	5
	25
	1860
	8.0
	FDD
	IMD4

	
	42
	3435
	5
	25
	3435
	N/A
	TDD
	N/A

	CA_3A-42A
	3
	1740
	5
	25
	1835
	0.2
	FDD
	IMD5

	
	42
	3575
	5
	25
	3575
	N/A
	TDD
	N/A


Based on Table 3, we can observe that for LTE CA_3A-42A, the MSD are 29.8dB for IMD2, 8.0dB for IMD4 and 0.2dB for IMD5 respectively. 

Observation 5: For LTE CA_3A-42A, the MSD are 29.8dB for IMD2, 8.0dB for IMD4 and 0.2dB for IMD5 respectively. 
Since the MSD of IMD2 is 29.8dB, similar with the harmonic issues, it is also hard to improve this requirement so much to make UE can work in the network with IMD2. 
Observation 6: It is hard to improve the MSD of IMD2 so much to make UE can work in B3+3.5GHz dual uplink with IMD2. 
However, the analysis of harmonics and IMD above are based on the whole frequency range of each band. Actually, different operators would face different situations according to the specific frequency allocation of B3 and NR 3.5GHz. Therefore, it is possible to avoid some of the harmonics and IMD issues through reasonable spectrum planning. Based on our calculation, the 2nd harmonics and IMD2 issues may be solved by spectrum planning, but it seems to be difficult to avoid the IMD4 and IMD5 due to the larger range of these two IMD issues on B3 Rx. 

As shown in Table 3, the MSD for IMD5 is only 0.2dB which has negligible impact on B3 Rx. As a result, for LTE B3 + NR 3.5GHz DC, the most meaningful issue to be studied in RAN4 is IMD4 issue. If the MSD for IMD4 can be improved, there is a great possibility to utilize LTE B3 + NR 3.5G DC. Based on the discussion above and the strong needs of this band combination from operators, we have the following proposal: 
Observation 7: For LTE B3 + NR 3.5GHz DC, the 2nd harmonics and IMD2 issues may be solved by spectrum planning, and the most meaningful issue to be studied in RAN4 is IMD4 issue. If the MSD for IMD4 can be improved, there is a great possibility for many operators to utilize LTE B3 + NR 3.5G DC.
Proposal 1: It is proposed to evaluate at least MSD of IMD4 for LTE B3 + NR 3.5 GHz DC as soon as possible.
On the other hand, the TDM operation which can solve IMD issue have been discussed for several RAN1 meetings [6]. And if the MSD cannot be improved by RF solution, we think it is reasonable to take into account TDM operation for coexistence study for such band combinations.

Proposal 2: It is proposed to take into account TDM operation for coexistence study for band combinations like B3+NR 3.5GHz DC in future study.

3 Conclusion 
In this contribution, we provide our considerations on coexistence issues. The following observations and proposal are given:

Observation 1: The MSD of B42 Rx due to the 2nd harmonic of B3 Tx in LTE CA_3A-42A is up to 27.3dB.
Observation 2: If we assume the similar RF component performance as studied in LTE CA_3A-42A, the MSD of B3 Rx due to 2nd harmonic mixing will be in the same level with the MSD of 3.5GHz Rx due to the 2nd harmonic.
Observation 3: When HTF is used, PCB isolation is the bottleneck for both harmonic and harmonic mixing issue.

Observation 4: Even though the MSD of 2nd harmonic and 2nd harmonic mixing can be significantly improved, e.g., improved by 10dB, the MSD is still too large to be acceptable for operators.

Observation 5: For LTE CA_3A-42A, the MSD are 29.8dB for IMD2, 8.0dB for IMD4 and 0.2dB for IMD5 respectively. 
Observation 6: It is hard to improve the MSD of IMD2 so much to make UE can work in B3+3.5GHz dual uplink with IMD2. 
Observation 7: For LTE B3 + NR 3.5GHz DC, the 2nd harmonics and IMD2 issues may be solved by spectrum planning, and the most meaningful issue to be studied in RAN4 is IMD4 issue. If the MSD for IMD4 can be improved, there is a great possibility for many operators to utilize LTE B3 + NR 3.5G DC.
Proposal 1: It is proposed to evaluate at least MSD of IMD4 for LTE B3 + NR 3.5 GHz DC as soon as possible.
Proposal 2: It is proposed to take into account TDM solution for coexistence study for band combinations like B3+NR 3.5GH DC in future study.
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