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1 Introduction
NR and LTE dual connectivity has been introduced to smooth evolution from LTE to NR and facilitate NR deployment. Since RAN4#83 LTE/NR DC band combinations has been proposed based on companies’ requirements [1]. For a DC UE, uplink transmitting simultaneously on multiple bands makes the interference problem much more complicated. Based on this situation coexistence between NR and LTE for DC UE becomes one of the most important issues which may have big impact on band combinations, UE architecture and the overall performance. 
In this paper, we provide our consideration to resolve the coexistence issue between NR and LTE.
2 Discussion
3.5GHz (3.3GHz-4.2GHz) is one of the most focused sub-6GHz NR bands, in which range 3.6GHz-3.8GHz is already defined as LTE Band 42. Some coexistence analyses have been done for Band 42 related CA band combinations, which can be references for the coexistence study for LTE and NR 3.5GHz DC. Since band 3 is worldwide used as a LTE band which makes it a very promising band for LTE/NR DC, we take LTE band 3 as an example in the following discussion.
According to the analysis for 2DL/1UL inter-band CA in Table 7.3.1A-0a of 36.101 V14.3.0, there is little MSD for Band 3 while the situation varies greatly for Band 42 because of harmonic  issue.
Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (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

	CA_3A-42A11
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	42
	
	
	-97.1
	-94.7
	-93.2
	-92.5
	TDD

	NOTE 9:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range FHD above and below the edge of this downlink transmission bandwidth. The value FHD depends on the E-UTRA configuration: FHD = 10 MHz for CA_3A-42A, CA_1A-3A-42A, CA_3A-19A-42A, and CA_1A-3A-19A-42A.
NOTE 10:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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NOTE 11:
The requirements are only applicable to channel bandwidths with a carrier frequency at 
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According to the analysis for 2DL/2UL inter-band CA in Table 7.3.1A-0f of 36.101 V14.3.0, MSD is extremely huge for Band 3 due to 2nd IMD and 4th IMD while Band 42 is subjected to harmonic issue.
Table 7.3.1A-0f: 2DL/2UL interband Reference sensitivity QPSK PREFSENS and uplink/downlink configurations

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	EUTRA CA 

Configuration
	EUTRA band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	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


As we can see the impact to Band 3 downlink reception becomes much more significant when it comes to UL CA which is almost the same situation for LTE/NR DC from UE RF perspective. This problem arises mainly from the fact that for a UE to implement simultaneous transmission/reception of multiple bands different RF chains are combined by a diplexer or some similar component to allow concurrent signal split for those bands, in which architecture the MSD become much more severe once there are transmissions simultaneously from different bands. Therefore leads to serious coexistence problem as shown in Figure 1.
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Figure 1. UE architecture of LTE/NR DC which may results in complicated coexistence issue
The problem in LTE/NR DC gets even worse since the bandwidth of NR is usually larger than LTE, which makes the NR suffering higher probability to get interfered because of wider bandwidth of reception, and the IMD products of NR and LTE covering a wider frequency range. All of these lead to coexistence issue for LTE/NR DC. It has become a universal issue with many band combinations involved.
Observation 1: Coexistence challenge for LTE and NR for DC UE is a universal issue.

In RAN#75 uplink sharing was proposed to mitigate the interference for LTE/NR DC. Based on the up to date discussion, in uplink sharing NR uplink can share the LTE band in a way to insert NR uplink subframe in LTE frame. Based on this mechanism there is a way to avoid concurrent uplink transmission on both NR and LTE bands by sharing the LTE band for NR uplink transmission [2]. 

But there are potential problems in standardization and deployment of this uplink sharing scheme. Firstly, this requires reframing the shared LTE band to support NR which results in additional work not only on standardization in 3GPP but also regulation in country level. Secondly, the uplink sharing scheme impacts LTE uplink capacity and coverage in a cell specific way by avoiding any other UE in the cell to transmit LTE uplink whenever there is a UE transmitting NR uplink on the shared band, although the coexistence issue only exists inside the DC UE. Thirdly, the scheme can be very complicated when it comes to detail, and may cause unwanted specification impacts to LTE as well as constraints to NR design.

Proposal 1: There are potential problems in standardization and deployment for current scheme of uplink sharing, it is necessary to make further study about these issues.
Based on the analyses above we propose to consider another scheme of uplink TDM operation to resolve the coexistence problem. In this scheme there is no sharing of LTE band, and the NR uplink is transmitted on NR’s own band while the LTE uplink on LTE band, but only one uplink transmission is supported at a given time. The UE architecture of this uplink TDM operation can be simply illustrated as in Figure 2. In this architecture the isolation between the chains of the LTE and NR bands is improved a lot which mitigates the coexistence challenge.
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Figure 2. Illustration of UE architecture for uplink TDM operation scheme for LTE and NR
To make further improvement for both LTE and NR performance an improved scheme can be considered. When NR mode is activated the UE mainly operates in NR system while listen to LTE system periodically by sharing one of the antennas with NR for LTE downlink reception, which is illustrated in Figure 3.
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Figure 3. Illustration of UE architecture of an improved uplink TDM operation scheme for LTE and NR 
The main advantages of this uplink TDM operation scheme are analyzed as follows. Firstly, there is no need to reframe LTE band to support NR uplink transmission. Secondly, since in NSA scenario NR mode can only be activated in NR coverage where LTE coverage is usually good, this scheme will not impact LTE coverage, and the switch between LTE and NR is UE specific therefore avoids cell level capacity loss for LTE. Thirdly, there is obviously less impacts to LTE and constraints to NR in this scheme than uplink sharing, which makes it more feasible and efficient.

Overall, we believe the uplink TDM operation scheme is a feasible and promising way to resolve coexistence issue for LTE and NR, and we highly recommend starting related work on that. For RAN4 both RF and RRM work is required.
Proposal 2: The uplink TDM operation is a feasible and promising scheme which worth to be studied, and both RF and RRM work is required in RAN4.

3 Conclusion
In this contribution, the consideration on LTE and NR coexistence is provided. Based on the discussion, we obtain the following observations:
Observation 1: Coexistence challenge for LTE and NR for DC UE is a universal issue.
Proposal 1: There are potential problems in standardization and deployment for current scheme of uplink sharing, it is necessary to make further study about these issues.
Proposal 2: The uplink TDM operation is a feasible and promising scheme which worth to be studied, and both RF and RRM work is required in RAN4.
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