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According to the RAN2#120 meeting discussion [1], RAN2 made the following agreements for IDC FDM solutions and the coordination between MN and SN:
	· Reconfirm, The Rel-18 IDC solution should allow for more granular IDC indications both on serving and on non-serving frequencies.
· 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


According to the email discussion in [2], the issues related to FDM and MN-SN coordination were discussed. In this contribution, we provide our understandings on some remaining issues for FDM solution and the MRDC coordination.
Discussion
FDM
Issue 1: Check whether to reuse maxFreqIDC-r16, or define maxFreqIDC-r18
Since the FDM solution needs to support both EN-DC and NR-DC, then the IDC-affected frequencies need to be reported to either LTE eNB (i.e. via LTE ASN.1 signalling as specified in 36.331) or NR gNB (i.e. via NR ASN.1 signalling as specified in 38.331).
The reporting procedure of the IDC NR frequencies for EN-DC in 36.331 [3] is quoted as follows:
	36.331: Step 1: The network configures the candidate NR frequencies (which are allowed to be reported for IDC issue) via the RRCConnectionReconfiguration mesasge.
idc-Indication-MRDC-r15		CHOICE{
			release					NULL,
			setup					CandidateServingFreqListNR-r15
		}			OPTIONAL	-- Cond idc-Ind

CandidateServingFreqListNR-r15 ::= SEQUENCE (SIZE (1..maxFreqIDC-r11)) OF ARFCN-ValueNR-r15


	36.331: Step 2: The UE reports its affected NR frequencies via the InDeviceCoexIndication message, according to the candidate NR frequencies provided in Step 1.
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
	]]
}

AffectedCarrierFreqCombInfoMRDC-r15 ::= SEQUENCE {
	victimSystemType-r15					VictimSystemType-r11,
	interferenceDirectionMRDC-r15			ENUMERATED {eutra-nr, nr, other, eutra-nr-other,
											nr-other, spare3, spare2, spare1},
	affectedCarrierFreqCombMRDC-r15		SEQUENCE {
		affectedCarrierFreqCombEUTRA-r15		AffectedCarrierFreqComb-r15		OPTIONAL,
		affectedCarrierFreqCombNR-r15			AffectedCarrierFreqCombNR-r15
	}				OPTIONAL
}

AffectedCarrierFreqComb-r15 ::= SEQUENCE (SIZE (1..maxServCell-r13)) OF MeasObjectId-r13

AffectedCarrierFreqCombNR-r15 ::= SEQUENCE (SIZE (1..maxServCellNR-r15)) OF ARFCN-ValueNR-r15


Since the Rel-18 FDM solution would need the eNB to configure both the centre frequency and the bandwidth and the idc-Indication-MRDC-r15 does not have any extension mark reserved, we consider that the Rel-18 FDM configuration from the eNB would need a new configuration field to include centre frequency + bandwidth.
Proposal 1: The Rel-18 FDM reporting configuration from the eNB includes a Rel-18 configuration, which includes both the centre frequency (i.e. ARFCN) and the bandwidth (i.e. kHz or MHz).
For the UE reporting of affected frequencies to the eNB, the bandwidth would also be reported together with the affected frequency. For the harmonic interference, each entry of the affected frequency list would include:
· One NR frequency
· Bandwidth
· Interference direction
For the IMD interference, each entry of the affected frequency list would include:
· A NR affected frequency list, and each entry includes:
· NR frequency
· Bandwidth 
· An LTE affected frequency list (Optional), and each entry includes:
· LTE measurement object ID
· Victim system type
· Interference direction
From our understanding, the ASN.1 structure for the harmonic interference reporting and the IMD interference reporting can be unified. For example, if an entry of the affected frequency list includes more than one affected frequencies, then this entry reflects the IMD interference issue. If an entry of the affected frequency list includes only one affected frequency, then this entry reflects the harmonic interference issue. As there is no extension mark reserved in affectedCarrierFreqCombNR-r15, we consider that a new field is needed to allow the UE to report both the frequency and the bandwidth. Another solution would be to use two separate lists, i.e. one for harmonic interference and one for IMD interference (same as NR Rel-16 ASN.1 structure).
Proposal 2: The Rel-18 FDM reporting to the eNB includes a Rel-18 affected frequency list, within which each entry includes:
· A NR affected frequency list, and each entry includes:
· NR frequency (same as legacy)
· Bandwidth 
· An LTE affected frequency list (Optional), and each entry includes:
· LTE measurement object ID (same as legacy)
· Victim system type (same as legacy)
· Interference direction (same as legacy)

The reporting procedure of the IDC NR frequencies for NR SA including NR-DC in 38.331 [4] is quoted as follows:
	38.331: Step 1: The network configures the candidate NR frequencies (which are allowed to be reported for IDC issue) via the RRCReconfiguration mesasge.
IDC-AssistanceConfig-r16 ::=    SEQUENCE {
    candidateServingFreqListNR-r16  CandidateServingFreqListNR-r16                     OPTIONAL, -- Need R
    ...
}

CandidateServingFreqListNR-r16 ::= SEQUENCE (SIZE (1..maxFreqIDC-r16)) OF ARFCN-ValueNR


	36.331: Step 2: The UE reports its affected NR frequencies via the UEAssistanceInformation message, according to the candidate NR frequencies provided in Step 1.
IDC-Assistance-r16 ::=                  SEQUENCE {
    affectedCarrierFreqList-r16             AffectedCarrierFreqList-r16               OPTIONAL,
    affectedCarrierFreqCombList-r16         AffectedCarrierFreqCombList-r16           OPTIONAL,
    ...
}

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

AffectedCarrierFreq-r16 ::=     SEQUENCE {
    carrierFreq-r16                 ARFCN-ValueNR,
    interferenceDirection-r16       ENUMERATED {nr, other, both, spare}
}

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

AffectedCarrierFreqComb-r16 ::=     SEQUENCE {
    affectedCarrierFreqComb-r16         SEQUENCE (SIZE (2..maxNrofServingCells)) OF  ARFCN-ValueNR    OPTIONAL,
    victimSystemType-r16                VictimSystemType-r16
}

VictimSystemType-r16 ::=    SEQUENCE {
    gps-r16                     ENUMERATED {true}        OPTIONAL,
    glonass-r16                 ENUMERATED {true}        OPTIONAL,
    bds-r16                     ENUMERATED {true}        OPTIONAL,
    galileo-r16                 ENUMERATED {true}        OPTIONAL,
    navIC-r16                   ENUMERATED {true}        OPTIONAL,
    wlan-r16                    ENUMERATED {true}        OPTIONAL,
    bluetooth-r16               ENUMERATED {true}        OPTIONAL,
    ...
}


Regarding the Rel-18 FDM reporting configuration from the gNB, since an extension mark is reserved in IDC-AssistanceConfig-r16, we can add a bandwidth list, which can be configured together with the Rel-16 FDM configuration (i.e. candidateServingFreqListNR-r16). Namely, each entry of the bandwidth list is associated to each entry of candidateServingFreqListNR-r16. For example, the first entry of the bandwidth list is associated to the first entry of candidateServingFreqListNR-r16. The number of entries of the bandwidth list can be less than or equal to the number of entries of candidateServingFreqListNR-r16. For gNB supporting Rel-18 FDM, we consider that the gNB can configure candidateServingFreqListNR-r16 and the bandwidth list together. From the UE point of view, if a frequency entry of the gNB configuration only includes the frequency without bandwidth, the UE can use the legacy signalling (i.e. affectedCarrierFreqList-r16 and affectedCarrierFreqCombList-r16). If a frequency entry of the gNB configuration includes both the frequency and the bandwidth, the UE can use the Rel-18 signalling (i.e. frequency + bandwidth) to report the affected frequency and the bandwidth.
Proposal 3: The Rel-18 FDM reporting configuration from the gNB includes a Rel-18 bandwidth list configuration, which is configured together with the Rel-16 FDM configuration (i.e. candidateServingFreqListNR-r16).
Regarding the Rel-18 FDM reporting to the gNB, for the harmonic interference, since the extension mark is reserved in IDC-Assistance-r16, we think that the UE can add a new Rel-18 bandwidth list, together with the legacy affectedCarrierFreqList-r16.
Proposal 4: For the harmonic interference reporting of the Rel-18 FDM solution to the gNB, the UE reports a Rel-18 bandwidth list, together with the legacy affectedCarrierFreqList-r16.
For the IMD interference, since the bandwidth information needs to be added to each affected frequency and no extension mark is reserved in AffectedCarrierFreqComb-r16, we consider that the IMD interference would need a new Rel-18 affected frequency list, within which each entry includes:
· A NR affected frequency list, and each entry includes:
· NR frequency (same as legacy)
· Bandwidth 
· Victim system type (same as legacy)
Proposal 5: For the IMD interference reporting of the Rel-18 FDM solution to the gNB, the UE reports a Rel-18 frequency combination list, within which each entry includes:
· A NR affected frequency list, and each entry includes:
· NR frequency (same as legacy)
· Bandwidth 
· Victim system type (same as legacy)

Issue 2: The bandwidth values
Regarding the bandwidth values reported by the UE or configured by the gNB/eNB, although the frequency bandwidth affected between 3GPP and WiFi is not expected more than 20MHz for each frequency in most cases, allowing wider bandwidth to be reported would be more future proof when WiFi is extended to include more frequencies (e.g. 60GHz). The maximum bandwidth supported by WiFi7 is up to 320MHz. WiFi8 is considering to support up-to 640MHz. For example, the affected bandwidth of an WiFi operating frequency could increase when the bandwidth of an NR frequency increases, e.g. due to IMD interference. Then we consider that the maximum frequency bandwidth as currently defined for a single carrier can be included. The supported bandwidth in the UE capability signalling is quoted as follows. Although the values larger than 640MHz may not be used for now, allowing more values would benefit the future extension.
	38.331：
SupportedBandwidth ::=      CHOICE {
    fr1                         ENUMERATED {mhz5, mhz10, mhz15, mhz20, mhz25, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100},
    fr2                         ENUMERATED {mhz50, mhz100, mhz200, mhz400}
}

SupportedBandwidth-v1700 ::= CHOICE {
    fr1-r17    ENUMERATED {mhz5, mhz10, mhz15, mhz20, mhz25, mhz30, mhz35, mhz40, mhz45, mhz50, mhz60, mhz70, mhz80, mhz90, mhz100},
    fr2-r17    ENUMERATED {mhz50, mhz100, mhz200, mhz400, mhz800, mhz1600, mhz2000}
}


Regarding the minimum value of the bandwidth to be reported, we think that the minimum bandwidth value of a PRB including 12 sub-carrier should be included. As the minimum bandwidth value of a PRB is associated to the SCS configuration, the minimum bandwidth values of all SCSs supported by the UE should be included. The SCS values which can be configured by the UE are quoted as follows:
	38.331:
SubcarrierSpacing ::=               ENUMERATED {kHz15, kHz30, kHz60, kHz120, kHz240, kHz480-v1700, kHz960-v1700, spare1}


Proposal 6: The bandwidth values reported by the UE or configured by the gNB/eNB include:
· 180/360/720 kHz
· 1.44/2.88/5/5.76/10/15/20/25/30/35/40/45/50/60/70/80/90/100/200/400/800/1600/2000 MHz.
If Proposal 6 is agreed, 26 values would require 5bits for each bandwidth configuration/reporting. 
MRDC coordination
Issue 3: RAN 2 further discuss whether the inter node co-ordination for IDC solutions to address the IMD issue where combination of frequencies involving MN and SN are affected is needed.
Regarding the MRDC coordination, we think that the MN and SN can coordinate with each other on the network configurations and the UE assistance information, so as to save some reporting signal via the Uu interface. According to 38.331, the coordination between MN and SN can be done via the inter-node RRC messages:
· CG-Config: Secondary gNB or eNB to master gNB or eNB, alternatively CU to DU.
· CG-ConfigInfo: Master eNB or gNB to secondary gNB or eNB, alternatively CU to DU
For the UE assistance information exchanged between the MN and the SN, CG-Config and CG-ConfigInfo included in 38.331 already includes the UE assistance information, as quoted below:
	38.331: CG-Config
ueAssistanceInformationSCG-r16      OCTET STRING (CONTAINING UEAssistanceInformation)  OPTIONAL,

ueAssistanceInformationSCG
Includes for each UE assistance feature associated with the SCG, the information last reported by the UE in the NR UEAssistanceInformation message for the SCG, if any.

	38.331: CG-ConfigInfo
affectedCarrierFreqCombInfoListMRDC     SEQUENCE (SIZE (1..maxNrofCombIDC)) OF AffectedCarrierFreqCombInfoMRDC,

AffectedCarrierFreqCombInfoMRDC ::= SEQUENCE {
    victimSystemType                    VictimSystemType,
    interferenceDirectionMRDC           ENUMERATED {eutra-nr, nr, other, utra-nr-other, nr-other, spare3, spare2, spare1},
    affectedCarrierFreqCombMRDC         SEQUENCE    {
        affectedCarrierFreqCombEUTRA        AffectedCarrierFreqCombEUTRA                          OPTIONAL,
        affectedCarrierFreqCombNR           AffectedCarrierFreqCombNR
    }                                                                                             OPTIONAL
}



According to 38.331, the Rel-15 LTE IDC assistance information of affected MRDC frequencies is forwarded from the MN to the SN, and the UEAssistanceInformation reported from the SCG is forwarded from the SN to the MN. Since all IDC assistance information reported via SN is included in the UEAssistanceInformation message, we consider that no extra information for the IDC assistance information needs to be added in CG-Config. From our understanding, if an SCG frequency is affected and reported to the MN, it would be beneficial for the SN to know the affected SCG frequency and change the serving SCG frequency to another since the final decision on the SCG frequency configuration is determined by the SN. Like the Rel-15 EN-DC procedure for the IDC assistance information forwarded from the MN to the SN, we think that the Rel-18 IDC FDM assistance information can be included in CG-ConfigInfo. As the TDM assistance information for NR could be reported via the LTE SCG in EN-DC, we consider that the Rel-18 TDM assistance information should also be included in CG-ConfigInfo.
Proposal 7: The Rel-18 IDC assistance information of FDM and TDM reported via MCG is included in CG-ConfigInfo.
For the FDM configuration provided by the network, the inter-node coordination procedure already includes the candidate frequency configuration for IDC, as quoted below:
	38.331: CG-Config
candidateServingFreqListNR          CandidateServingFreqListNR                      OPTIONAL,

candidateServingFreqListEUTRA       CandidateServingFreqListEUTRA                   OPTIONAL,

CandidateServingFreqListNR ::= SEQUENCE (SIZE (1.. maxFreqIDC-MRDC)) OF ARFCN-ValueNR

CandidateServingFreqListEUTRA ::= SEQUENCE (SIZE (1.. maxFreqIDC-MRDC)) OF ARFCN-ValueEUTRA

candidateServingFreqListNR, candidateServingFreqListEUTRA
Indicates frequencies of candidate serving cells for In-Device Co-existence Indication (see TS 36.331 [10]).


According to 38.331, the IDC frequency configuration (including both NR frequency list and LTE frequency list) is provided from the SN to the MN in Rel-15, so as to assist the IDC candidate frequency configuration provided via MCG. If the SN is allowed to configure the IDC assistance information of affected frequencies, to avoid the double configuration of the same IDC candidate frequency via both MCG configuration and SCG configuration, we consider that the MN and the SN can forward the candidate frequency list to be configured for IDC reporting. As EN-DC and NR-DC are prioritized in the Rel-18 IDC WID and no finer granularity is introduced for LTE frequency reporting, we consider that Rel-18 IDC candidate NR frequency configuration (including frequency + bandwidth) can be included in CG-Config and CG-ConfigInfo.
Proposal 8: The Rel-18 IDC candidate NR frequency configuration (including frequency + bandwidth) is included in CG-Config and CG-ConfigInfo.

Conclusions
According to the analysis given above, we have the following proposals:
Proposal 1: The Rel-18 FDM reporting configuration from the eNB includes a Rel-18 configuration, which includes both the centre frequency (i.e. ARFCN) and the bandwidth (i.e. kHz or MHz).
Proposal 2: The Rel-18 FDM reporting to the eNB includes a Rel-18 affected frequency list, within which each entry includes:
· A NR affected frequency list, and each entry includes:
· NR frequency (same as legacy)
· Bandwidth 
· An LTE affected frequency list (Optional), and each entry includes:
· LTE measurement object ID (same as legacy)
· Victim system type (same as legacy)
· Interference direction (same as legacy)
Proposal 3: The Rel-18 FDM reporting configuration from the gNB includes a Rel-18 bandwidth list configuration, which is configured together with the Rel-16 FDM configuration (i.e. candidateServingFreqListNR-r16).
Proposal 4: For the harmonic interference reporting of the Rel-18 FDM solution to the gNB, the UE reports a Rel-18 bandwidth list, together with the legacy affectedCarrierFreqList-r16.
Proposal 5: For the IMD interference reporting of the Rel-18 FDM solution to the gNB, the UE reports a Rel-18 frequency combination list, within which each entry includes:
· A NR affected frequency list, and each entry includes:
· NR frequency (same as legacy)
· Bandwidth 
· Victim system type (same as legacy)
Proposal 6: The bandwidth values reported by the UE or configured by the gNB/eNB include:
· 180/360/720 kHz
· 1.44/2.88/5/5.76/10/15/20/25/30/35/40/45/50/60/70/80/90/100/200/400/800/1600/2000 MHz.
Proposal 7: The Rel-18 IDC assistance information of FDM and TDM reported via MCG is included in CG-ConfigInfo.
Proposal 8: The Rel-18 IDC candidate NR frequency configuration (including frequency + bandwidth) is included in CG-Config and CG-ConfigInfo.
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