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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In LTE, the scenarios of interference of in-device coexistence can be found in 36.816 [1]. The solutions to mitigate the interference of in-device coexistence (IDC) are specified as given in 36.331 [2] and 36.300 [3]. During the discussion of EN-DC, some issues on in-device coexistence (e.g. harmonic/inter-modulation frequency interference) are founded, and the TDM solutions which are specified can be found in [4]. According to the LS from RAN4 [6], “RAN4 has confirmed that IDC problems not only for other systems already identified in LTE CA but also for mmWave ISM bands are expected with EN-DC”. In this paper, we represent the potential interference scenarios of in-device coexistence in NR, and give our initial considerations on the challenges brought by the potential interference scenarios. 
2. Discussion
2.1. Potential interference scenarios 


Figure 1: Coexistence interference within the same UE
[bookmark: _GoBack]The NR UE could have the interference on adjacent frequencies or sub-harmonic frequencies from/to NR frequencies to/from BT (Blue Tooth)/WiFi/GNSS (Global Navigation Satellite System). The potential interference scenarios are also illustrated in Figure 1. 
Observation 1: The UE could have the following interference scenarios of in-device coexistence in NR:
· Interference from/to NR to/from other non-3GPP RAT (e.g. BT/WiFi/GNSS)
According to the previous test data, the interference of in-device coexistence includes diverse wave types, e.g. side-lobe, harmonic (mostly second/third harmonic order) and intermodulation (e.g. LTE+WiFi inter-modulation). Thus, the potential victim frequency range are given in Annex A.
Observation 2: The potential victim frequency range(s) as given in Annex A include both FR1 and FR2.
2.2. Challenges of in-device coexistence
According to the LS from RAN4 [6], RAN4’s preference is to reuse the framework of the LTE IDC solutions. Regarding the LTE IDC solutions [2] [3], the UE encountering IDC issue can report some assistance information of TDM and/or FDM via RRC message, and the UE is also allowed to autonomously deny LTE uplink transmission according to the network configuration.  Then the solutions can be divided into the following two categories:
· Cat.1 (FDM): UE reporting of the victim frequency and system
· Cat.2 (TDM)
· Cat.2.1: UE reporting for the desired DRX/subframe pattern
· Cat.2.2: Allowed subframe pattern in which the UE is allowed to deny any UL transmission
According to the analysis given in [7] [8], to re-use the framework of the LTE IDC solutions, some further analysis/discussion/modifications are required for both FDM and TDM of the IDC solutions. For example, in order to allow the UE reporting for the NR band, the NR should be included as a victim system, and the reporting of the NR frequency should be allowed. For the TDM solutions, due to the flexible numerology (e.g. flexible time range of slot/OFDM symbol) configured for the UE, more discussions are required on how to allow the TDM solutions. 
Observation 3: Some further analysis/discussion/modifications for both FDM and TDM solutions are required, in order to reuse the LTD IDC solution framework.
According the discussion in NR, a UE could be configured with several different BWPs of small bandwidth (e.g. 20MHz) in a cell of wide bandwidth (e.g. 400MHz), and a UE could also be equipped with several antenna panels. Thus the UE may have different interference in different BWPs or different antenna panels, as shown in Figure 1. Furthermore the SUL frequency could also bring some challenges in the in-device coexistence. The current interference mitigation solutions (i.e. TDM) [4] for EN-DC only considers the tight inter-working architecture (i.e. DC) between LTE and NR. According to the LS [5] from SA2, the UE could have dual registrations to both NR and LTE, without any coordination between RAN nodes. More information related to the challenges and scenarios of IDC can also be found in [9]. Then the diverse protocol architectures and various new technologies in NR could bring more challenges to the IDC solutions (e.g. the signaling procedures for UE reporting and for MN and SN coordination).
Observation 4: The following diverse protocol architectures and various new technologies in NR can also impact the IDC solutions:
· Tight interworking architecture (e.g. DC) between LTE and NR, and amongst NR frequencies
· Loose interworking architecture (e.g. dual registration) between LTE and NR
· Multiple BWPs
· Flexible numerologies
· Multiple antenna panels
· SUL frequency
Due to the limited remaining time in Rel-15, we consider that the IDC issue of EN-DC as identify by RAN4 [6] can be studied in RAN2, and a simplified FDM solution as given by [7] [8] can be specified for the EN-DC in Rel-15. More enhancements can be considered in the future release.
Proposal: To specify a simplified solution (i.e. FDM) for the IDC issue of EN-DC in Rel-15.
3. Conclusion
According to the analysis given above, we have the following observations and proposal for the IDC issue in NR Rel-15:
Observation 1: The UE could have the following interference scenarios of in-device coexistence in NR:
· Interference from/to NR to/from other non-3GPP RAT (e.g. BT/WiFi/GNSS)
Observation 2: The potential victim/attacking frequency range(s) as given in Annex A include both FR1 and FR2.
Observation 3: Some further analysis/discussion/modifications for both FDM and TDM solutions are required, in order to reuse the LTD IDC solution framework.
Observation 4: The following diverse protocol architectures and various new technologies in NR can also impact the IDC solutions:
· Tight interworking architecture (e.g. DC) between LTE and NR, and amongst NR frequencies
· Loose interworking architecture (e.g. dual registration) between LTE and NR
· Multiple BWPs
· Flexible numerologies
· Multiple antenna panels
· SUL frequency
Proposal: To specify a simplified solution (i.e. FDM) for the IDC issue of EN-DC in Rel-15.
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Annex A
The following table gives the potential victim frequency range between NR band(s) and other systems:
	Victim Systems
	Frequency range [MHz]
	Regions
	Side-lobe
	NR second harmonic order
	NR third harmonic order

	COMPASS
(Beidou)
	1559
	-
	1591
	
	n50(UL)/n74(UL)
	
	

	Galileo
	1559
	-
	1591
	
	n50(UL)/n74(UL)
	
	

	GLONASS
	1591
	-
	1610
	
	n50(UL)/n70(UL)
	
	

	GPS
	1563
	-
	1587
	
	n50(UL)/n74(UL)
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	US/Europe
	n7/n38/n41
	
	n5/n20/n28/n82

	
	2400
	-
	2494
	Asia
	n7/n38/n41
	
	n5/n20/n28/n82

	ISM band
 (5GHz)
	5150
	-
	5925
	US
	n79
	n7/n38/n41
	n1/n2/n3/n66/n80/n84

	
	5150
	-
	5350
	Europe
	n79
	n7/n38/n41
	n1/n2/n3/n66/n80/n84

	
	5470
	-
	5725
	
	
	
	

	
	5150
	-
	5825
	Asia
	n79
	n7/n38/n41
	n1/n2/n3/n66/n80/n84

	ISM band 
(45GHz)
	42300
	-
	47000
	China
	
	n258
	

	
	47200
	-
	48400
	
	
	
	

	ISM band 
(60GHz)
	57000
	-
	66000
	Europe
	
	n257
	

	
	57050
	-
	64000
	USA - Canada
	
	n257
	

	
	57000
	-
	64000
	South Korea
	
	n257
	

	
	59000
	-
	66000
	Japan
	
	n257
	

	
	59000
	-
	64000
	China
	
	n257
	

	
	59400
	-
	62900
	Australia
	
	n257
	



Annex B
The following table for FR1 is extracted from 38.101-1 [10]:
Table 5.2-1: NR operating bands in FR1
	NR Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	n1
	1920 MHz
	–
	1980 MHz 
	2110 MHz
	–
	2170 MHz
	FDD

	n2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	n3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	n5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894MHz
	FDD

	n7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	n8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	n20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	n28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	n38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD

	n41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD

	n50
	1432 MHz
	–
	1517 MHz
	1432 MHz
	–
	1517 MHz
	TDD

	n51
	1427 MHz
	–
	1432 MHz
	1427 MHz
	–
	1432 MHz
	TDD

	n66
	1710 MHz
	–
	1780 MHz 
	2110 MHz
	–
	2200 MHz
	FDD

	n70
	1695 MHz
	–
	1710 MHz 
	1995 MHz
	–
	2020 MHz
	FDD

	n71
	663 MHz
	–
	698 MHz 
	617 MHz
	–
	652 MHz
	FDD

	n74
	1427 MHz
	–
	1470 MHz 
	1475 MHz
	–
	1518 MHz 
	FDD

	n75
	N/A
	1432 MHz
	–
	1517 MHz
	SDL

	n76
	N/A
	1427 MHz
	–
	1432 MHz
	SDL

	n78 
	3300 MHz
	–
	3800 MHz 
	3300 MHz
	–
	3800 MHz 
	TDD

	n77 
	3300 MHz
	–
	 4200 MHz
	3300 MHz
	–
	 4200 MHz
	TDD

	n79 
	4400 MHz
	–
	5000 MHz
	4400 MHz
	–
	5000 MHz
	TDD

	n80
	1710 MHz
	–
	1785 MHz
	N/A
	SUL

	n81
	880 MHz
	–
	915 MHz
	N/A
	SUL

	n82
	832 MHz
	–
	862 MHz
	N/A
	SUL

	n83
	703 MHz
	–
	748 MHz
	N/A
	SUL

	n84
	1920 MHz
	–
	1980 MHz 
	N/A
	SUL



Annex C
The following table for FR2 is extracted from 38.101-2 [11]:
Table 5.2-1: NR operating bands in FR2
	NR Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD




image1.emf
LTE RF NR RF

NR RF

BT/WiFi 

RF

ANT#1 ANT#3

Interference 

from BT/WiFi 

Interference 

from NR BWP 

NR RF

GPS RF

ANT#2

ANT#6

ANT#5

ANT#4


Microsoft_Visio___1.vsdx
LTE RF
NR RF
NR RF
BT/WiFi 
RF
ANT#1
ANT#3
Interference from BT/WiFi
Interference from NR BWP
NR RF
GPS RF
ANT#2
ANT#6
ANT#5
ANT#4



