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According to the LS from RAN4 on the IDC issue for EN-DC [3], RAN4 confirms that “IDC problems not only for other systems already identified in LTE CA but also for mmWave ISM bands are expected with EN-DC”, and suggests to reuse the current LTE IDC solution frame work. In the Annex we listed the potential NR bands including both FR1 and FR2 which could have the IDC problem. In this contribution, we provide some analysis on how to reuse the current LTE IDC solution frame work for EN-DC.
Discussion
1.1. Potential IDC issue(s) and solution(s) for EN-DC
According to the LTE RRC specification 36.331 [1], the following IDC issues which also occur for EN-DC are addressed:
· Issue 1: Adjacent frequency interference from 3GPP UL frequency to non-3GPP frequency
· Issue 2: Adjacent frequency interference from non-3GPP frequency to 3GPP DL frequency
· Issue 3: harmonic wave interference from 3GPP UL band combination to non-3GPP frequency
· Issue 4: Hardware sharing problem
The specified IDC solutions are listed as follows:
· Solution 1: report the 3GPP frequency as the attacking frequency
· Solution 2: report the 3GPP frequency as the victim frequency
· Solution 3: report the 3GPP band combination as the attacking band combination
· Solution 4: report one hardware sharing indication
· Solution 5: report the DRX related assistance information per UE
· Solution 6: report the desired subframe reservation patterns related assistance information per UE
· Solution 7: configured UL subframes per UE in which the UE can deny UL transmission.
In the following table, we give the mapping table between the solutions and the issues in LTE IDC.
Table 1: IDC issues and corresponding solutions in LTE
	
	Solution 1
	Solution 2
	Solution 3
	Solution 4
	Solution 5
	Solution 6
	Solution 7

	Issue 1
	Yes
	
	
	
	
	Yes
	Yes

	Issue 2
	
	Yes
	
	
	Yes
	Yes
	

	Issue 3
	
	
	Yes
	
	
	Yes
	Yes

	Issue 4
	
	
	
	Yes
	
	
	


In EN-DC, the IDC issue could be more complicated than LTE, as both MCG and SCG can have independent IDC issues. And due to the flexible design of NR, some LTE configurations/fields (e.g. solution 6 or 7) cannot be simply re-used for the NR. 
Regarding the Solution 1, 2 and 3 (i.e. the frequency domain IDC solution), we think the general concept of reporting the affected frequency(ies) or band combination(s) can be reused. The detailed specification impacts of Solution 1, 2 and 3 can be found in [9] [10] [11].
Proposal 1: The NR frequency of EN-DC can be reported as attacking or victim frequency.
Proposal 2: The EN-DC band combination can be reported as attacking band combination.
Regarding Solution 4, as the LTE and the NR are different RATs which could use different RF chains, then the UE could only have the LTE RF chain shared by other non-3GPP RAT (e.g. WiFi). The current one bit hardware sharing indication cannot differentiate whether the hardware sharing is caused by NR or LTE.
Proposal 3: The hardware sharing indication can be reported per RAT (i.e. LTE or NR).
Regarding Solution 5, as MCG and SCG could have interference from different non-3GPP RAT(s), the UE desired DRX pattern should be independent for MCG and SCG.
Proposal 4: The UE desired DRX pattern can be reported per CG (i.e. MCG or SCG).
Regarding Solution 6, according to the current NR RRC 38.331 [8] as quoted below, the NR does not have a specific UL-DL subframe pattern number as in LTE. Then the UE should be allowed to indicate any subframe/slot as attacking or victim subframe separately. Furthermore, the desired subframe pattern should be reported per CG (i.e. MCG or SCG).
	38.331:
TDD-UL-DL-Pattern ::= 				SEQUENCE {
	dl-UL-TransmissionPeriodicity		ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
	nrofDownlinkSlots					INTEGER (0..maxNrofSlots),
	nrofDownlinkSymbols					INTEGER (0..maxNrofSymbols-1),
	nrofUplinkSlots						INTEGER (0..maxNrofSlots),
	nrofUplinkSymbols					INTEGER (0..maxNrofSymbols-1),
	...
}


	36.331:
IDC-SubframePattern-r11 ::= CHOICE {
	subframePatternFDD-r11				BIT STRING (SIZE (4)),
	subframePatternTDD-r11				CHOICE {
		subframeConfig0-r11					BIT STRING (SIZE (70)),
		subframeConfig1-5-r11				BIT STRING (SIZE (10)),
		subframeConfig6-r11					BIT STRING (SIZE (60))
	},
	...
}


Proposal 5: The UE desired subframe pattern can be reported per CG (i.e. MCG or SCG).
Proposal 6: The UE desired subframe pattern of NR can indicate the attacking UL subframe(s)/slot(s) via a bit map.
Proposal 7: The UE desired subframe pattern of NR can indicate the victim DL subframe(s)/slot(s) via a bit map.
Regarding Solution 7, as NR is using the slot as the time unit for the uplink transmission, the NR gNB should be able to configure the number of UL slots which can be denied by the UE. 
	36.331:
IDC-Config-r11 ::=				SEQUENCE {
	idc-Indication-r11					ENUMERATED {setup}				OPTIONAL,	-- Need OR
	autonomousDenialParameters-r11		SEQUENCE {
[bookmark: OLE_LINK56]			autonomousDenialSubframes-r11			ENUMERATED {n2, n5, n10, n15,
														n20, n30, spare2, spare1},
			autonomousDenialValidity-r11			ENUMERATED {
														sf200, sf500, sf1000, sf2000,
														spare4, spare3, spare2, spare1}
	}		OPTIONAL,		-- Need OR
	...,
	[[	idc-Indication-UL-CA-r11			ENUMERATED {setup}		OPTIONAL	-- Cond idc-Ind
	]],
	[[	idc-HardwareSharingIndication-r13	ENUMERATED {setup}		OPTIONAL	-- Need OR
	]]
}


Proposal 8: The autonomous deny parameters can be configured per CG (i.e. MCG or SCG).
Proposal 9: The autonomous deny parameters for NR includes the number of UL slots which can be denied within a configured time period.

Conclusion
According to the analysis given above, we have the following Proposals:
Proposal 1: The NR frequency of EN-DC can be reported as attacking or victim frequency.
Proposal 2: The EN-DC band combination can be reported as attacking band combination.
Proposal 3: The hardware sharing indication can be reported per RAT (i.e. LTE or NR).
Proposal 4: The UE desired DRX pattern can be reported per CG (i.e. MCG or SCG).
Proposal 5: The UE desired subframe pattern can be reported per CG (i.e. MCG or SCG).
Proposal 6: The UE desired subframe pattern of NR can indicate the attacking UL subframe(s)/slot(s) via a bit map.
Proposal 7: The UE desired subframe pattern of NR can indicate the victim DL subframe(s)/slot(s) via a bit map.
[bookmark: _GoBack]Proposal 8: The autonomous deny parameters can be configured per CG (i.e. MCG or SCG).
Proposal 9: The autonomous deny parameters for NR includes the number of UL slots which can be denied within a configured time period.
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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 [1]:
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 [2]:
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







