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1. Introduction
In RAN1 Qingdao meeting, some agreement has been achieved to solve the harmonic issue at UE side [1].

· RAN1 to continue study the solution(s) to mitigate UE self-interference due to the simultaneous transmission and reception at the same time 

· Note: the issue is particular applicable for specific band combination(s) (e.g. harmonics related issues)

· Note: the issue can be addressed if UE is not mandated to transmit on one carrier (F1) and receive on another carrier (F2) at the same time

· Send an LS to RAN4 regarding the above agreements 
In this contribution, we focus on harmonic issue and initially analyse the potential solutions. 

2. Discussion
1.1 Harmonic issue
UL harmonic issue is discussed at the last RAN1 meeting. For NR new bands and some band combinations, the harmonic issue is very common since the existing LTE band 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 B3 and B42. The reference sensitivity for B3 and B42 is show in Table 7.3.1A-5 [2]. The sensitivity is observably degraded in this band combination. However, it should be noticed that the related requirements of this combination are not strictly defined. Since Band X is very popular band worldwide and Band 3 is almost the most primary band for current LTE deployment, it is necessary to re-evaluate the RF requirements for Band 3 and Band X, especially the reference sensitivity value for UE side. This issue could be further discussed in RAN4 and related RF requirements should be identified based on some specific RF structure design, considering e.g. harmonic trap filter, PCB path isolation solution. 
Table 7.3.1A-5: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issues in the combinations of intra-band and inter-band CA)
	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-42C8,9
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	
	
	
	-99.511
	-96.511
	-94.711
	-93.511
	

	
	42
	
	
	-71.7
	-71.7
	-71.7
	-71.7
	TDD

	CA_3A-42C10
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	
	
	
	-99.511
	-96.511
	-94.711
	-93.511
	

	
	42
	
	
	-97.1
	-94.7
	-93.2
	-92.5
	TDD


Observation 1: It’s open for RAN4 to re-evaluate the RF requirements for Band 3 and Band X based on some specific RF structure design, especially the reference sensitivity value for UE side.
1.2 Possible solutions
(1) TDM method for 2nd harmonic impact band combinations
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Figure 1. TDM method
One possible way to solve the 2nd harmonic issue for UE is not mandated to transmit on one carrier (F1) and receive on another carrier (F2) at the same time, as shown in Fig. 1. This method could be considered as the half duplex UE on different UL/DL bands. The performance loss is very obvious that UE cannot transmit on 1.8GHz and receive on 3.5GHz simultaneously. When UE is operating in LTE-NR DC mode, it means that if NR DL transmission is intended to maintain, the UL transmission on 1.8GHz will be rejected in some slots which will impact on LTE DL HARQ feedback and LTE control plane maintenance. And if the target is to minimize the impact on transmitting for LTE connectivity, it will restrict the NR DL scheduling in time domain which will lead to sharply decreasing of data rate for the single UE. Thus the TDM method is not efficient and suitable for 2nd harmonic impact band combinations. 
Proposal 1: TDM method in LTE-NR DC mode is not efficient and suitable for 2nd harmonic impact band combinations.
(2) Scheduling based solutions
The core concept of scheduling based solutions is to avoid scheduling the high impacted PRB/frequency range in the frequency domain. As shown in Fig. 2, the allocated frequency for specific operators is dedicated, for instance 20MHz in B3 could be allocated to operator A as one LTE carrier. And the 2nd harmonic of this 20MHz will fall on 40MHz in Band X which is illustrated as the high impact range. The low impact range is the leakage part of 2nd harmonic in which the impact on UE demodulation is limited. The simple way of scheduling based solution is to avoid this high impact range for NR DL scheduling which means 40MHz frequency in Fig. 2. Further considering the frequency allocation in Band X for operator A, the limited scheduling PRB could be even less than 40MHz. Other enhancements on scheduling based solution will not be precluded, e.g. based on dynamic/ semi-static scheduling.
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Figure 2. 2nd harmonic impacts of allocated frequency
Proposal 2: Scheduling based solution could be candidate solution to solve harmonic issues if RAN4 evaluations and definition on reference sensitivity value cannot meet the requirement. FFS related RAN1 specification impacts.
3. Conclusion

In this contribution, we investigate the harmonics issues and analyse potential solutions including TDM method and scheduling based method. The following observation and proposals can be summarized.
Observation 1: It’s open for RAN4 to re-evaluate the RF requirements for Band 3 and Band X based on some specific RF structure design, especially the reference sensitivity value for UE side.
Proposal 1: TDM method in LTE-NR DC mode is not efficient and suitable for 2nd harmonic impact band combinations.

Proposal 2: Scheduling based solution could be candidate solution to solve harmonic issues if RAN4 evaluations and definition on reference sensitivity value cannot meet the requirement. FFS related RAN1 specification impacts.
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