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Introduction
In RAN2#120 meeting, following was agreed regarding enhanced FDM solutions for IDC:
	⇒ Only one single new finer granularity report is introduced, that applies for both serving and non-serving frequencies.
⇒ For LTE, problematic frequencies of E-UTRA are indicated by indicating measurement object IDs (same as existing LTE, no specification impact is foreseen.).
⇒ RAN2 down select one of solution 1, 2 or 2a based on ASN.1 details. FFS on the signalling details, how to configure, how to report. 
⇒ MN can configure IDC, FFS whether SN can configure IDC for SN. 



Email discussion “[Post120][652][IDC] Further details of FDM solution (Huawei)” [1] was held to progress further details on enhanced FDM solution.
In this contribution, we discuss open issue for enhanced FDM solution for IDC.
Discussion
Indication for DL and UL
In email discussion “[Post120][652][IDC] Further details of FDM solution (Huawei)”, whether UE can report separate affected frequency ranges for DL and UL for one candidate frequency was discussed. When there is an IDC problem for a serving frequency, either DL, UL, or both DL/UL can be affected. This is reflected by IE interferenceDirection-r16, as from related ASN.1 and field description copied below.
AffectedCarrierFreq-r16 ::=     SEQUENCE {
    carrierFreq-r16                 ARFCN-ValueNR,
    interferenceDirection-r16       ENUMERATED {nr, other, both, spare}
}

	UEAssistanceInformation field descriptions

	interferenceDirection
Indicates the direction of IDC interference. Value nr indicates that only NR is victim of IDC interference, value other indicates that only another radio is victim of IDC interference and value both indicates that both NR and another radio are victims of IDC interference. The other radio refers to either the ISM radio or GNSS (see TR 36.816 [44]).



Therefore, enhanced frequency resource indication should be signalled for DL and UL independently, to allow flexible and efficient scheduling.
[bookmark: Proposal_Direction]Proposal 1: For the candidate frequency with IDC issue, UE should report separate affected frequency range for each interference direction if the affected frequency ranges are different in interference direction.
Coordination of MN and SN on IDC solution
In email discussion “[Post120][652][IDC] Further details of FDM solution (Huawei)”, most companies prefer that no additional coordination between MN and SN is needed for IDC configuration. Some companies propose to consider inter-node coordination for IDC solution between MN and SN to address IMD issues where combination of frequencies involve both MN and SN. The intention is to avoid that both MN and SN stop using the problematic frequency resources causing IMD issue since only one node taking action is sufficient to resolve IMD issue.
Although the coordination of IDC solution between MN and SN is helpful for resource utilization, it requires additional standardization efforts. Considering that enhanced FDM solution already improves resource utilization with finer granularity indication, it is proposed to not consider inter-node coordination for IDC solution to address IMD issue.
[bookmark: Proposal_Coordination]Proposal 2: No additional standardization efforts are needed for inter-node coordination for IDC solution to address IMD issue.	. 
Signalling procedure in EN-DC  
In Rel-15, signalling procedure for IDC in MR-DC is as follows:
1. eNB configures whether UE is allowed to report IDC problem in MR-DC, using IE idc-Indicaiton-MRDC-r15, as below:
IDC-Config-r11 ::=				SEQUENCE {
	idc-Indication-r11					ENUMERATED {setup}				OPTIONAL,	-- Need OR
	autonomousDenialParameters-r11		SEQUENCE {
			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
	]],
	[[	idc-Indication-MRDC-r15		CHOICE{
			release					NULL,
			setup					CandidateServingFreqListNR-r15
		}			OPTIONAL	-- Cond idc-Ind
	]]
}
2. According to eNB configuration, UE reports IDC assistance information in mrdc-AssistanceInfo-r15 if it meets IDC problems that it cannot solve by itself:
InDeviceCoexIndication-v1530-IEs ::=	SEQUENCE {
	mrdc-AssistanceInfo-r15				MRDC-AssistanceInfo-r15				OPTIONAL,
	nonCriticalExtension					InDeviceCoexIndication-v1610-IEs	OPTIONAL
}

MRDC-AssistanceInfo-r15 ::= SEQUENCE {
	affectedCarrierFreqCombInfoListMRDC-r15		SEQUENCE (SIZE (1..maxCombIDC-r11)) OF AffectedCarrierFreqCombInfoMRDC-r15,
	...,
	[[	affectedCarrierFreqCombInfoListMRDC-v1610		SEQUENCE (SIZE (1..maxCombIDC-r11)) OF VictimSystemType-v1610			OPTIONAL
	]]
}
3. IDC assistance information can be forwarded from eNB to gNB, as below:
CG-ConfigInfo-IEs ::=           SEQUENCE {
    ue-CapabilityInfo               OCTET STRING (CONTAINING UE-CapabilityRAT-ContainerList)          OPTIONAL,-- Cond SN-AddMod
	 ...,
    mrdc-AssistanceInfo             MRDC-AssistanceInfo                                               OPTIONAL,
    nonCriticalExtension            CG-ConfigInfo-v1540-IEs                                           OPTIONAL
}

MRDC-AssistanceInfo ::= SEQUENCE {
    affectedCarrierFreqCombInfoListMRDC     SEQUENCE (SIZE (1..maxNrofCombIDC)) OF AffectedCarrierFreqCombInfoMRDC,
    ...,
}

RAN2 has agreed that “MN can configure IDC”. For EN-DC, the above framework can be reused for Rel-18 IDC reporting in LTE side. Specifically, eNB configures whether UE is allowed to report enhanced FDM and / or TDM assistance information, UE reports the assistance information for enhanced FDM and / or TDM to eNB accordingly, and eNB can forward the assistance information to gNB.
[bookmark: Proposal_ENDC]Proposal 3: For EN-DC, the Rel-15 framework for MR-DC IDC assistance information reporting is reused for Rel-18 IDC reporting in LTE side. eNB configures whether UE is allowed to report enhanced FDM and / or TDM assistance information, UE reports the assistance information for enhanced FDM and / or TDM to eNB accordingly, and eNB can forward the assistance information to gNB.
ASN.1 details for affected frequency range 
In email discussion “[Post120][652][IDC] Further details of FDM solution (Huawei)”, rapporteur proposed the following values for the affected bandwidth: {mhz5, mhz10, mhz20, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100, mhz200, mhz300, mhz400}. Some companies suggested to consider kHz granularity in addition to MHz granularity for coexistence scenarios like Bluetooth. It should be pointed out that in NR, the minimum scheduling unit is PRB, and the smallest bandwidth of PRB is 180 kHz for 15 kHz subcarrier spacing numerology. It is therefore proposed that the granularity of affected bandwidth should not be smaller than 180 kHz.
[bookmark: Proposal_FreqGranularity]Proposal 4: The granularity of affected bandwidth should not be smaller than 180 kHz. 
It is also beneficial to add more intermediate values for the affected bandwidth so that more scheduling flexibility can be achieved. Therefore the following is proposed for the values for affected bandwidth.
[bookmark: Proposal_FreqValues]Proposal 5: The affected bandwidth take the following values {kzh200, khz400, khz600, khz800, mhz1, mhz2, mhz3, mhz4, mhz5, mhz6, mhz8, mhz10, mhz20, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100, mhz200, mhz300, mhz400, spare…}.
In NR, the maximum number of candidate frequencies and the reported affected frequencies or frequency combinations are maxFreqIDC-16 and maxCombIDC-16, with the value of 128. These values are sufficient and can be reused for Rel-18 enhanced granularity reporting.  
CandidateServingFreqListNR-r16 ::= SEQUENCE (SIZE (1..maxFreqIDC-r16)) OF ARFCN-ValueNR

AffectedCarrierFreqList-r16 ::= SEQUENCE (SIZE (1.. maxFreqIDC-r16)) OF AffectedCarrierFreq-r16
AffectedCarrierFreqCombList-r16 ::= SEQUENCE (SIZE (1..maxCombIDC-r16)) OF AffectedCarrierFreqComb-r16

maxFreqIDC-r16               INTEGER ::= 128     -- Max number of frequencies for IDC indication.
maxCombIDC-r16               INTEGER ::= 128     -- Max number of reported UL CA for IDC indication.
[bookmark: Proposal_Multiplicity]Proposal 6: Reuse maxFreqIDC-16 and maxCombIDC-16 for Rel-18 enhanced granularity reporting.

Conclusion
In this contribution, we discuss open issue for enhanced FDM solution for IDC, and propose the following:
Proposal 1: For the candidate frequency with IDC issue, UE should report separate affected frequency range for each interference direction if the affected frequency ranges are different in interference direction.
Proposal 2: No additional standardization efforts are needed for inter-node coordination for IDC solution to address IMD issue.	.
Proposal 3: For EN-DC, the Rel-15 framework for MR-DC IDC assistance information reporting is reused for Rel-18 IDC reporting in LTE side. eNB configures whether UE is allowed to report enhanced FDM and / or TDM assistance information, UE reports the assistance information for enhanced FDM and / or TDM to eNB accordingly, and eNB can forward the assistance information to gNB.
Proposal 4: The granularity of affected bandwidth should not be smaller than 180 kHz.
Proposal 5: The affected bandwidth take the following values {kzh200, khz400, khz600, khz800, mhz1, mhz2, mhz3, mhz4, mhz5, mhz6, mhz8, mhz10, mhz20, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100, mhz200, mhz300, mhz400, spare…}.
Proposal 6: Reuse maxFreqIDC-16 and maxCombIDC-16 for Rel-18 enhanced granularity reporting.
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