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1. Introduction
In RAN4 #83 meeting, the co-existence LTE/NR band combinations were summarized in [1], and the updated information of LTE/NR band combinations was approved in [2]. Additionally, to efficiently manage specification work for LTE/NR band combinations with the limited time in Rel.15, the management of harmonics, IMD and MSD analysis was approved in [3] as follow:

1. Harmonics and IMD analysis can be conducted in parallel among LTE xCC + NR 1CC cases (x= 1, 2, 3, 4, 5).

2. MSD analysis for the most essential case (i.e. x =1) is prioritized among the combinations for the DC of LTE xCC + NR 1CC (x = 2, 3, 4, 5).

3. If MSD analysis for the lower order combination with “x” is completed or going to be completed, the analysis for the next level combination with “x+1” can be conducted.

· “Completed” means that MSD analysis and specification are completed.
· “Going to be completed” means that the noise level due to the corresponding harmonics/IMD can be determined and relevant specification work (i.e. definition of UL configurations etc.) is completed. More specifically, the status is what we have to do is that just put the MSD values into the spec by calculating the MSD from the increase of noise level due to IMD/Harmonics and reference sensitivity for LTE and/or NR.
Considering the needs of LTE B3 + NR 3.5GHz, in this contribution, we provide our analysis and would like to trigger the discussion on the harmonic, harmonic mixing and IMD issues of this important band combination. 
2. Discussion
For LTE B3+NR 3.5GHz, harmonic, harmonic mixing and IMD issues had been summarized in [2] as table 1:
Table 1 Harmonic, harmonic mixing and 2UL IMD issues of B3+3.5GHz

	LTE band
	NR frequency
	Harmonic/IMD falls into LTE B3 DL
	Harmonic/IMD falls into NR 3.3-4.2GHz DL

	B3
	3.3-4.2GHz
	2nd, 4th and 5th order IMD 
2nd order harmonic mixing
	2nd order Harmonics of B3


And our analysis on these three issues will be provided respectively as follows. 
2.1 Harmonic issue
Though the band definition of NR 3.5GHz not being completed yet, we still can expect that LTE B3+NR 3.5GHz will have similar harmonic issue as CA_3A-42A, since the frequency range of B42 partially overlap with frequency range of NR 3.5GHz. In LTE, 2nd harmonic of B3 UL could impact B42 DL receiver through multi-paths:

· Conducted path;

· PCB coupling;

· Single chip DA to LNA and so on.
According to previous discussion of CA_3A-42A, the 2nd harmonic through conducted path and PCB coupling are the main impact products to the B42 receiver. Table 2 summarized the level of filter attenuation and PCB isolation from some companies, and most companies adopted -35 dBc for 2nd harmonic for Band 3 PA shown in table 3 for CA_3A-42A.

Table 2 The level of filter attenuation and PCB isolation for CA_3A-42A
	Parameter(dB)
	Huawei(R4-147071)
	MTK(R4-147675)
	Intel(R4-147683)
	QC(R4-73AH-0099)

	Duplexer attenuation
	30
	25
	25
	35

	HTF attenuation
	25
	30
	20
	30

	Triplexer/diplexer attenuation
	20
	20
	15
	15

	
	
	
	
	

	Total filters attenuation
	75
	75
	60
	80

	PCB coupling
	80
	65/70
	80
	70


Table 3 The level of 2nd harmonic from PA for CA_3A-42A
	Parameter
	DOCOMO(R4-147283)
	Huawei(R4-147071)
	MTK(R4-147675)
	Intel(R4-147683)

	2nd harmonic from PA
	-35dBc
	-35dBc
	-36dBc
	-35dBc


Therefore, for 27dBm PA output power, the 2nd harmonic from PA will be -8dBm. As analysis in [4], the best PCB isolation capability at 3.5GHz is 70dB, the filter attenuation with HTF is 80dB, and hence, PCB coupling will have higher 2nd harmonic than conducted path such that the UE performance is PCB limited. Finally, the MSD of CA_3A-42 was defined based on PCB limited as table 4:

Table 4 B42 REFSENS degradation in TS 36.101
	CA_3A-42A
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	42
	
	
	-71.7
	-71.7
	-71.7
	-71.7
	TDD


If LTE B3 + NR 3.5GHz adopt similar architecture with CA_3A-42A, and using high RF filter attenuation with HTF, the bottleneck could still be PCB coupling. Therefore, for LTE B3 + NR 3.5GHz, MSD should be larger like the level of CA_3A-42A MSD, and to further reduce the MSD value, it could be true that simply improving the attenuation of filter cannot solve the problem probably, we have to resort to improving PCB isolation and filter attenuation.
If it is difficult to further improve PCB isolation under the state-of-art technology, to better using NR 3.5GHz frequency, operators could not consider utilizing the NR 3.5GHz frequency range especially overlapped with B3 UL 2nd harmonic.
Observation1: For LTE CA_3A-42A, the MSD of B42 Rx due to the 2nd harmonic of B3 Tx is up to 27dB. 
Observation2: Refer to the study of CA_3A-42A MSD, for the MSD of NR 3.5GHz RX due to the 2nd harmonic of B3 Tx, PCB isolation is still the bottleneck.
2.2 Harmonic mixing issue
In additional, LTE B3+NR 3.5GHz has another issue of harmonic mixing compared with CA_3A-42A, that is, NR 3.5 GHz transmitter signal exactly overlaps 2xB3’s Rx frequency range. NR 3.5GHz transmitter signal are also mainly through conducted path and PCB coupling to 2xB3’s Rx frequency range.
The better conducted path attenuation is 40 dB duplexer + 30dB HTF + 15dB triplexer = 85dB, the duplexer attenuation is about B3 duplexer Rx rejection at B42, here adopted the value used in 2UL IMD discussion, as summary in Table 5:

Table 5 B3 duplexer Rx rejection at B42

	Isolation Parameter/value(dB)
	Huawei(R4-161398)
	QC(R4-160119)

	B3 Duplexer RX rejection at B42 
	40dB
	40dB


And as mentioned above, the best PCB isolation capability at 3.5GHz is 70dB. Hence, it’s clear that with HTF present, PCB isolation capability is also the dominating effect for the harmonic mixing issue.
Therefore, for NR 3.5GHz, if the RF components performances are comparable with LTE B42, the PCB isolation capability is the main impact factor for harmonic mixing issues, and the impact of harmonic mixing to B3 Rx will even more serious than the impact of B3 harmonic to 3.5GHz Rx, because B42 PA output power is 27dBm, the 2nd harmonic at B3 PA output is -8dBm.
Observation3: For the MSD of B3 Rx due to 2nd harmonic mixing from NR 3.5GHz, PCB isolation capability is also the dominating effect.

Observation4: Based on the similar RF components performance as studied in CA_3A-42A, it can be derived that the MSD of B3 Rx due to 2nd harmonic mixing from NR 3.5GHz will be even larger than the MSD of NR 3.5GHz RX due to the 2nd harmonic of B3 Tx.

2.2 2UL IMD issue

When B3 and NR 3.5GHz UL carriers are simultaneous transmission, 2nd, 4th and 5th order IMD of 2UL will fall into B3 receiver and impact B3 Rx REFSENs. As discussion in LTE, every RF component including active device and passive device has contribution to the IMD level, but the main impact comes from PA IMD. RAN4 agreed each UL Inter-band CA only the highest MSD is specified automatically in TS36.101, and multiple IMDs for each CA band combos will be studied and analyzed in technical report [5]. For CA_3A-42A, the MSD is up to 29.8dB to B3 Rx. Therefore, for NR 3.5GHz, if the RF components performances are similar with LTE B42, LTE B3 + NR 3.5GHz will have the similar MSD level with CA_3A-42A. And it depends on the attenuation of filters and PA IM performance in some extent.
However, it should be noted that in RAN1 #89 meeting, RAN1 tried to resolve IMD issue for LTE/NR band combination, with the following agreement approved as below [6]: 

· UE configured with multiple UL carriers on different frequencies should not be assumed to necessarily support simultaneous transmission on both carriers.
· For the case of LTE/NR dual-connectivity, the detailed solution(s) to avoid simultaneous transmission from a single UE on both carriers is expected to be resolved no later than NSA frozen time.
· For the standalone case, NR should allow one UL carrier transmission at one time. 
· Note: this does not preclude SRS to be sent on NR uplink.
Based on our understanding of the above agreement, the IMD issue could be highly mitigated; however, the above-mentioned harmonic and harmonic mixing issues would still exist.
Observation5: For 2UL of CA_3A-42A, the MSD is almost 30dB in B3 Rx due to IMD.
3. Conclusion
This contribution discussed the main impact factors of harmonic, harmonic mixing and IMD issues for LTE B3 +NR 3.5GHz based on LTE CA_3A-42A case, some observation are given:
Observation1: For LTE CA_3A-42A, the MSD of B42 Rx due to the 2nd harmonic of B3 Tx is up to 27dB. 

Observation2: Refer to the MSD study of CA_3A-42A, for the MSD of NR 3.5GHz RX due to the 2nd harmonic of B3 Tx, PCB isolation is still the bottleneck.
Observation3: For the MSD of B3 Rx due to 2nd harmonic mixing from NR 3.5GHz, PCB isolation capability is also the dominating effect.

Observation4: Based on the similar RF components performance as studied in CA_3A-42A, it can be derived that the MSD of B3 Rx due to 2nd harmonic mixing from NR 3.5GHz will be even larger than the MSD of NR 3.5GHz RX due to the 2nd harmonic of B3 Tx.
Observation5: For 2UL of CA_3A-42A, the MSD is almost 30dB in B3 Rx due to IMD.
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