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1. Introduction
In RAN1#89 meeting, due to the impacts of harmonic and intermodulation at the UE side, UL sharing for NSA NR UE has been agreed [1].
· For NR NSA for a UE, NR supports the case that when the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· FFS whether or not there is specification impact
· If there is RAN1 specification impact, aim to minimize the specification impact for NR
· Note: this feature by itself is not intended to have any LTE RAN1 specification impact 
· Note: the other case of allowing simultaneous operation on two or more UL carriers is already agreed to be supported
In this contribution, we focus on the impacts on deployment scenarios and initially analyse the potential solutions. 

2. Discussion
1.1 Harmonic and intermodulation issues
Intermodulation issue of simultaneously UL transmission on some band combinations has been proposed in [2]. In [3], detailed analysis has been proposed considering both harmonic and intermodulation issues. We excerpt the following impacted cases to highlight our interesting band combinations.

Table 1: Impact of UL Harmonic on NR 3.3-4.2GHz
	LTE band
	NR frequency range
	Harmonic falls into 3.3-4.2GHz DL

	B1
	3.3-4.2 GHz
	2nd order Harmonics of B1

	B3
	
	2nd order Harmonics of B3


Table 2: Impact of IMD Interference on LTE B1/ B3

	LTE band
	NR frequency range
	Harmonic/IMD falls into LTE band DL

	B1
	3.3-4.2 GHz
	2nd, 4th and 5th order IMD

	B3
	
	2nd, 4th and 5th order IMD 
2nd order harmonic mixing


From the above table, some initial conclusions could be identified.

· UL harmonic issue: for NR new bands, the harmonic issue is very common since the existing LTE band (e.g. B1 and B3) is normally lower than the NR new bands (e.g. 3.3-4.2 GHz). UL transmitting of LTE or NR on the lower frequency have the risk of impacts on higher frequency by 2/3/4/5 order harmonics, while the 2nd order harmonic has much larger impact. This issue exists also in LTE system, e.g. for LTE CA of B8 and B3. This issue could be further discussed in RAN4 and related RF requirements should be identified based on some specific RF structure design.
· IMD issue: this issue mainly comes from simultaneously UL on different bands and may have impacts on one of DL bands. Since RAN4 has not discussed the details on NR band combinations, it is still open to investigate better solutions of RF design and acceptable RF requirements of simultaneous operation on two or more UL carriers during RAN4 meetings. 
Observation 1: The harmonic and IMD issues are sensitive to specific band combinations and could be parallelly investigated in RAN4, especially UE side.
1.2 Deployment scenarios
(1) Non-standalone scenario
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Fig. 1 (a) Non-collocated LTE-NR           Fig. 1 (b) Collocated LTE-NR
Figure 1. NSA deployment scenarios
For NSA deployment scenario, there are two cases as shown in Figure 1, LTE-NR none co-located and LTE-NR co-located. Based on the related agreements of RAN1 NR AH meeting, UL sharing scenario of collocated LTE and NR base stations has been agreed and non-collocated LTE-NR case is FFS. From the point of practical network deployment, collocation of LTE and NR baseband is more common case to decrease the OPEX especially for sub-6 GHz. This collocated scenario should also be the baseline scenario for investigated the possible UL sharing solutions for NSA NR UE.
Proposal 1: Collocated LTE-NR scenario should be the baseline scenario for investigated the possible UL sharing solutions for NSA NR UE.
(2) Standalone scenario
For SA deployment scenario, a case of supporting supplementary uplink frequency in NR has been agreed. According to the analysis in Section 2.1, the UL harmonics issue could also be found in SA scenario. For example, if SUL is operated at UL band of B1 or B3, the 2nd order harmonic of B1 or B3 UL falls into 3.3-4.2GHz DL of NR frequency range.
Regarding to the IMD issue, in this case UE could still have simultaneous operation on two or more UL carriers directly related to the SUL specific mechanism, e.g. how to transmit UE UL data, SRS and other UL channels/ signals on SUL. However it is only agreed to support supplementary uplink frequency scenario at last RAN1 meeting, it is better to discuss the specific mechanism.
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Figure 2. SA deployment scenario with Supplementary UL

Observation 2: The harmonic and IMD issues may also exist in SA scenario.
1.3 Potential solutions
In this section, we discuss the potential solutions to enable NSA UE operation on one of LTE and NR carriers. 
(1) TDM
· When LTE DL/UL has no data transmission for single NSA UE 
For NSA scenario, when LTE and NR have dual connectivity to the UE, LTE DL may have no data transmission to the UE. The common case is UE connecting to LTE DL to maintain the necessary control plane and DL/UL data transmitting on NR connection. In this case, it is not necessary to frequently transmit UL feedback for LTE and the impact of TDM solution on the performances of LTE/ NR is limited. This case is depending on the higher layer mechanism of NSA scenario, including e.g. UE data splitting on which node, the periodicity of higher-layer UL feedback, and the function of NR control plane. However, it may lose the potential of load balancing of LTE and NR from the perspective of NSA network side.
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Figure 3. SA deployment scenario with Supplementary UL

Observation 3: When LTE DL/UL has no data transmission, TDM fashion has the limited impact which is more relevant to NSA higher layer definition and solutions.
· When single NSA UE has both LTE UL and NR UL data
When NSA UE has UL data transmission on both LTE and NR, it should be avoided that subframes confliction of LTE and NR UL carriers for the NSA UE operating on single carrier. From LTE side, the HARQ timing including necessity of cross subframe scheduling should be also taken into account. From NR side, it highly depends on the specific frame structure (DL/ UL/ special subframe) and detailed HARQ scheme design. Thus we suggest the interesting companies bring the details of solutions considering the specific frame structure and HARQ scheme assumptions and related evaluation results.
Proposal 2: It is suggested that the interesting companies bring the details of TDM solutions considering the specific frame structure and HARQ scheme assumptions and related evaluation results.
(2) FDM
· Static/ semi-static
The static manner is UE transmitting NR UL in NR waveform on partial refarmed LTE UL band. It has little specification impacts which may need RAN4 work to ensure the efficient coexistence of different systems. However, the efficiency utilization of spectrum is decreased and the LTE network performance may be impacted. The semi-static manner has more flexibility comparing to the static method. LTE and NR node could exchange the UL load information periodically or aperiodically and decide the specific frequency allocation in the next period. The details and evaluation of semi-static method should be further investigated.
· Dynamic
The dynamic method is similar to the above semi-static one and may have more flexibility. And the implementation complexity should be also into account e.g. UL scheduling granularity of NR UE on UL sharing bands and waveform detection at BS side.
Proposal 3: For FDM solutions, it should be further discussed and evaluated both semi-static and dynamic sharing methods considering performance and implementation complexity. 
3. Conclusion

In this contribution, we summarize the harmonics and intermodulation issues and impacted scenarios, and then analyse potential solutions for NSA UE operation on one of LTE and NR carriers. The following observation and proposals can be summarized.
Observation 1: The harmonic and IMD issues are sensitive to specific band combinations and could be parallelly investigated in RAN4, especially UE side.
Observation 2: The harmonic and IMD issues may also exist in SA scenario.
Proposal 1: Collocated LTE-NR scenario should be the baseline scenario for investigated the possible UL sharing solutions for NSA NR UE.
Proposal 2: It is suggested that the interesting companies bring the details of TDM solutions considering the specific frame structure and HARQ scheme assumptions and related evaluation results.
Proposal 3: For FDM solutions, it should be further discussed and evaluated both semi-static and dynamic sharing methods considering performance and implementation complexity. 
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