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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 the frequency-domain IDC solution for the NR band.
Discussion
1.1. Down-selection of the IDC solution for affected NR frequency
Although the IDC issue of the NR frequency is present for both NR SA and NR NSA according to the Annex A, we consider that the IDC reporting of the NR problematic frequency is only for the EN-DC case in Rel-15 due to the limited time in Rel-15. 
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 [4] [5], 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 [6] [7], 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 (e.g. detailed TDM pattern for both UE assistance information and the autonomous deny). Thus we consider that only the FDM solution (i.e. UE reporting of the NR frequency) is used in Rel-15. According to the EN-DC architecture, the NR SCG could be configured with SRB3 which can be used to report the assistance IDC information. However as NR has not defined any IDC assistance message in the NR RRC specification and allowing the report of the NR IDC issue via SRB3 will cause more specification impacts, we consider that the NR IDC assistance information is only reported via the LTE IDC assistance information. On the other hand, the TDM solution in LTE only supports the per-UE DRX reporting, which cannot reflect the different interference in MCG and SCG.
Observation: The per-UE DRX reported in the IDC assistance information cannot reflect the different interference in MCG and SCG.
Proposal 1: Only the IDC reporting of the affected NR frequency is specified in Rel-15.
Proposal 2: The IDC reporting of the affected NR frequency is via the LTE InDeviceCoexIndication message.

1.2. Reporting content of NR problematic frequency
According to the LTE IDC solution framework for frequency reporting [4], the reported frequency can be either serving or non-serving frequencies, and the UE can report the following assistance information to the network:
· affectedCarrierFreqList: The affected LTE frequency band which is identified by MeasObjectId.
· interferenceDirection: To identify if the E-UTRAN or other RAT or both are victim RAT for the LTE frequency band indicated in affectedCarrierFreqList.
· affectedCarrierFreqCombList: To “Indicates a list of E-UTRA carrier frequencies that are affected by IDC problems due to Inter-Modulation Distortion and harmonics from E-UTRA when configured with UL CA”. The frequency are indicated by MeasObjectId.
· victimSystemType: To “Indicate the list of victim system types to which IDC interference is caused from E-UTRA when configured with UL CA”.
Regarding the sidelobe interference, we consider that the NR frequency should be reported in the affectedCarrierFreqList. According to the TS 38.331, one MeasObjectNR configured by the NR SN can include two frequencies (e.g. ssbFrequency and refFreqCSI-RS). Then the MeasObjectId for MeasObjectNR configured by the NR SN cannot uniquely identify and NR frequency. According to the TS 36.331, one MeasObjectNR configured by the LTE MN can only include one frequency (i.e. for SSB).
Observation 2: One MeasObjectNR configured by the LTE MN can only indicate one frequency.
Observation 3: One MeasObjectNR configured by the NR SN can indicate more than one frequencies.
To report the NR frequency configured by the LTE MN, the current affectedCarrierFreqList can be reused. This means that the MeasObjectId of current affectedCarrierFreqList is reused to report the NR frequency configured by the LTE MN. We only needs to add NR RAT as new type (which can use the spare value) in the interferenceDirection of affectedCarrierFreqList.
Proposal 3: The MeasObjectId of current affectedCarrierFreqList is reused to report the affected NR frequency configured by the LTE MN.
Proposal 4: The interferenceDirection of affectedCarrierFreqList adds “nr” as a new RAT type.

To report the NR frequency configured by the NR SN, we consider that a new affectedCarrierFreqListNR is needed as the MeasObjectId configured by the NR SN is independent from the MeasObjectId configured by the NR MN. This means that the MeasObjectId(s) configured by MN and SN could be collided with each other.
Proposal 5: The affected NR frequency configured by the NR SN is reported in a new list of affectedCarrierFreqListNR.
Proposal 6: Each reported NR frequency in affectedCarrierFreqListNR includes the following information:
· measObjectId-NR: The measurement object ID configured by the NR SN.
· frequencyIndex: Indicate the affected frequency entry index as listed in the measurement object.
· interferenceDirectionNR: Indicate if the NR or other RAT or both are victim RAT for the NR frequency indicated in affectedCarrierFreqListNR.

Regarding the inter-modulation interference due to UL CA, we consider that both NR frequency and LTE frequency should be included in the same band combination to report the affected EN-DC band combination. According to the analysis given above, as the measurement object are configured independently by LTE MN and NR SN, a new list of AffectedCarrierFreqCombListNR is needed to report the EN-DC band combination.
Proposal 7: The affected EN-DC band combination is reported in a new list of AffectedCarrierFreqCombListNR.
Regarding the reporting content of the each EN-DC band combination, as the analysis given above, we consider that the MeasObjectId configured by the MN can be used to uniquely identify either the LTE frequency or the NR frequency, and the reference signal type is needed to uniquely identify the affected NR frequency measurement object configured by the NR SN.
Proposal 8: Each frequency information of an affected EN-DC band combination in AffectedCarrierFreqCombListNR includes:
· measObjectId: The measurement object ID configured by either LTE MN or NR SN.
· measObjectType: Indicate if the reported measObjectId is configured by LTE MN or NR SN.
· frequencyIndex: Indicate the affected frequency entry index as listed in the measurement object configured by NR SN.
By using the new list of AffectedCarrierFreqCombListNR to report the affected band combination, both NR CA combination and the En-DC band combination can be reported.

For the victim system affected by the EN-DC band combination, we consider that the victimSystemType used in LTE can be also used for the EN-DC band combination.
Proposal 9: The LTE victimSystemType is reused for the AffectedCarrierFreqCombListNR.

1.3. Coordination between MN and SN
As the affected NR frequency(s) are reported via the LTE InDeviceCoexIndication message of MCG, to resolve the IDC issue of the NR frequency configured by the SN, the MN needs to forward the report of the affected NR frequency to the SN by using the NR ASN.1 of CG-ConfigInfo message. From our understanding, only the frequency configured by the SN needs to be forwarded.  Regarding the sidelobe interference, the affectedCarrierFreqListNR can be forwarded. Regarding the inter-modulation interference, the AffectedCarrierFreqCombListNR including the NR frequency configured by the SN can be forwarded. The details on which frequency band or band combination can be forwarded can be left to the network implementation. 
Proposal 10: The NR CG-ConfigInfo message includes the following IDC assistance information:
· affectedCarrierFreqListNR
· AffectedCarrierFreqCombListNR
· victimSystemType
As the AffectedCarrierFreqCombListNR reported by the UE includes the measurement object configured by both LTE MN and NR SN. From our understanding, only the measurement object configured by the NR SN needs to be forwarded, as the NR SN cannot control the LTE MCG configuration of the measurement object.
Proposal 11: The AffectedCarrierFreqCombListNR included in the NR CG-ConfigInfo message only includes the NR measurement object configured by the NR SN.

Regarding the assistance information from the NR SN to the LTE MN, we consider that the current SCG information included in CG-Config [8] can be reused in Rel-15. More assistance information from SN to MN can be discussed in the future release.
Conclusion
According to the analysis given above, we have the following Observations and Proposals:
Observation 1: The per-UE DRX reported in the IDC assistance information cannot reflect the different interference in MCG and SCG.
Observation 2: One MeasObjectNR configured by the LTE MN can only indicate one frequency.
Observation 3: One MeasObjectNR configured by the NR SN can indicate more than one frequencies.
Proposal 1: Only the IDC reporting of the affected NR frequency is specified in Rel-15.
Proposal 2: The IDC reporting of the affected NR frequency is via the LTE InDeviceCoexIndication message.
Proposal 3: The MeasObjectId of current affectedCarrierFreqList is reused to report the affected NR frequency configured by the LTE MN.
Proposal 4: The interferenceDirection of affectedCarrierFreqList adds “nr” as a new RAT type.
Proposal 5: The affected NR frequency configured by the NR SN is reported in a new list of affectedCarrierFreqListNR.
Proposal 6: Each reported NR frequency in affectedCarrierFreqListNR includes the following information:
· measObjectId-NR: The measurement object ID configured by the NR SN.
· frequencyIndex: Indicate the affected frequency entry index as listed in the measurement object configured by NR SN.
· interferenceDirectionNR: Indicate if the NR or other RAT or both are victim RAT for the NR frequency indicated in affectedCarrierFreqListNR.
Proposal 7: The affected EN-DC band combination is reported in a new list of AffectedCarrierFreqCombListNR.
Proposal 8: Each frequency information of an affected EN-DC band combination in AffectedCarrierFreqCombListNR includes:
· measObjectId: The measurement object ID configured by either LTE MN or NR SN.
· measObjectType: Indicate if the reported measObjectId is configured by LTE MN or NR SN.
· frequencyIndex: Indicate the affected frequency entry index as listed in the measurement object configured by NR SN.
Proposal 9: The LTE victimSystemType is reused for the AffectedCarrierFreqCombListNR.
Proposal 10: The NR CG-ConfigInfo message includes the following IDC assistance information:
· affectedCarrierFreqListNR
· AffectedCarrierFreqCombListNR
· victimSystemType
[bookmark: _GoBack]Proposal 11: The AffectedCarrierFreqCombListNR included in the NR CG-ConfigInfo message only includes the NR measurement object configured by the NR SN.
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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







