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1. Introduction
RAN#75 approved the WI of [1] where 14 new frequency ranges and 53 new LTE/NR band combinations are included, and the UL IMD and harmonic interference for co-existence band combinations is provided in [2]. In legacy LTE CA combinations, RX MSD is typically needed for UL IMD and harmonic interference. For LTE B3-NR 3.3-4.2 GHz combination, this contribution will analyze the co-existence sensitivity MSD requirement. Besides, the frequency region without interference will be provided to remove MSD requirement or turn off UL Time Division Mode (TDM) where UL TDM has been discussed in RAN1 [3]. 
2. DL sensitivity requirements for LTE B3-NR 3.3-4.2GHz with UL interference
This contribution only focuses on 1UL/2UL case to analyze UE sensitivity requirements when 1UL CC is in LTE B3 and the other UL CC is in NR 3.3-4.2GHz. As RAN1 has been considering the possibility of 2UL TDM to remove the 2UL IMD issue since only 1UL operates in transmission time slot [3], the analyses of concerned requirements are divided into three categories as listed below:
· Frequency region with no RX MSD and 2UL TDM off
· UL TDM off + RX MSD for UL interference 
· With UL TDM + RX MSD for UL harmonic interference
2.1 Frequency region with no RX MSD and 2UL TDM off
LTE B3-NR 3.3-4.2GHz combination has no IM4, IM2 and the 2nd harmonic interferences for NR frequency from 3.8 GHz to 4.2GHz with B3 UL CBW of 5MHz to 20MHz and NR3.3-4.2GHz CBW of 10MHz to 100MHz, and does not need RX MSD and 2UL TDM.
Observation 1: LTE B3-NR 3.3-4.2GHz of NR frequency within 3.8GHz to 4.2GHz does not need MSD or UL TDM as there is no IMD nor harmonic interference.
Table 2.1‑1: LTE B3+NR 3.8-4.2GHz Frequency region without interference
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For LTE B3-NR 3.3-4.2GHz, the frequency region with 2UL IM4 interference is 17.6% as listed in table 2.1-2. For frequency region without interference, it is beneficial to remove MSD requirements or to have UL TDM off. The RX frequency is used calculation, the TX frequency can also be used to get the same result by assuming constant offset between TX and RX of B3. Moreover, within the 17.6% region, there are still channel combinations which do not have IM4 issue. B3 and NR 3.3-4.2GHz CBW are 5MHz and 10MHz respectively from table 2.1-2 to 2.1-4.
Observation 2: Within frequency region with IMD interference, there are still channel combinations which do not have IMD interference issue. To get the channel combinations is FFS.
Table 2.1‑2: LTE B3+NR 3.3-4.2GHz Frequency region with/without IM4 interference
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For LTE B3-NR 3.3-4.2GHz, the frequency region of the 2nd harmonic interference is 16.6% and listed in table 2.1-3.
Table 2.1‑3: LTE B3+NR 3.3-4.2GHz Frequency region with/without 2nd harmonic interference
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For LTE B3-NR 3.3-4.2GHz, the frequency region of the IM2 interference is 16.6% and listed in table 2.1-4.
Table 2.1‑4: LTE B3+NR 3.3-4.2GHz Frequency region with/without IM2 interference
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2.2 UL TDM off + RX MSD for UL interference
According to the co-existence analysis of LTE one CC with NR frequency 3.3-4.2GHz combination [2], the LTE B3+NR 3.3-4.2GHz combination has the co-existence UL interferences of IM2, IM4 and the 2nd order harmonic. 

The evaluated RX MSD for IM4, IM2 and the 2nd harmonic interference are list in table 2.2-1:
Table 2.2‑1: MSD of UL Harmonic and IMD Interference of LTE B3 + NR 3.3-4.2GHz
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The interferences power of IM4 and IM2 from PA and LNA in primary and diversity paths are listed in table 2.2-2.

Table 2.2‑2: MSD and IMD Interference power of LTE B3 + NR 3.3-4.2GHz
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Additionally, NR band can support CBW up to 100MHz. When NR’s UL CBW increases, the intermodulation PSD decreases within LTE victim RX's CBW and then RX MSD also decreases as listed in table 2.2-3.
Table 2.2‑3: MSD of UL IMD Interference under different UL BW
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Based on the results, for LTE B3-NR 3.3-4.2GHz combination, the RX MSD of 2UL IM4 and IM2 for B3 requires 5dB and 26dB respectively for CBW of 5MHz. The MSD value is lower when compared to LTE legacy mode CA B3+B42. When UL CBW of 3.3-4.2GHz reaches 100MHz, the B3 RX’s MSD can be further relaxed for 2UL IM2 and IM4 interferences as shown above. 
Observation 3: The MSD is still too large for the IM2 interference. This limits the 2UL usage of LTE B3+NR 3.3-4.2GHz.
2.3 With UL TDM + RX MSD for UL harmonic interference
For LTE B3-NR 3.3-4.2GHz, the B3 MSD of 32dB for 2UL IM2 interference is large which might limit the usage. Thus time-division UL mode (TDM) between UL1 and UL2 can be viewed as one way to remove the intermodulation interference to DL with the cost of decreasing UL throughput and increasing controlling efforts on BS and UE of synchronizing LTE and NR. If TDM for LTE B3-NR 3.3-4.2GHz is used, the sensitivity is listed in table 2.3-1. 
Table 2.3‑1: Sensitivity of LTE B3 + NR 3.3-4.2GHz under TDM
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TDM cannot remove RX MSD requirement of 1UL harmonic interference. The B3 UL’s 2nd harmonic interference falls into NR 3.3-4.2GHz RX and needs MSD. Within frequency region of harmonic interference, there are still channels combination which do not need UL TDM or RX MSD. This is FFS.
3. Conclusion
This contribution summarizes the possible co-existence solutions for sensitivity requirement for LTE B3+NR 3.3-4.2GHz combination. MSD or UL TDM can be used for frequency region with UL harmonic and IMD interferences. For frequency region without UL harmonic and IMD interferences, it is beneficial to have 2UL TDM off or to remove RX MSD.

Observation 1: LTE B3-NR 3.3-4.2GHz of NR frequency within 3.8GHz to 4.2GHz does not need MSD or UL TDM as there is no IMD nor harmonic interference.

Observation 2: Within frequency region with IMD interference, there are still channel combinations which do not have IMD issue. To get the channel combinations is FFS.

Observation 3: The MSD is still too large for IM2 interference. This limits the 2UL usage of LTE B3+NR 3.3-4.2GHz.
References
[1] RP-170826, “Process for NR bands, LTE/NR band combinations and CA for NR/NR band combination specification work”, “NTT DOCOMO, INC., Sprint”, “3GPP TSG-RAN Meeting #75, Dubrovnik, Croatia, March 6 - 9, 2017.
[2] R4-1704759, “Co-existence analysis on LTE-NR band combinations”, SAMSUNG, RAN4 #83
[3] R1-1710840, “Discussion on Uplink TDM Operation for NR NSA”, China Telecom, RAN1 NR#2
3GPP


