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1. Introduction
In the previous meeting, many agreements have been achieved for the adjacent channel interference and also for the IMD interference of the EN-DC. However, for the IMD interference of NR-DC, it’s still unclear about the whole reporting and configuration mechanism. In this paper, we share our further views on the FDM solution for the IMD interference of NR-DC.
2. Discussion
Before the detail discussion, we’d like to give a short description on the solutions on table first, then we give analysis to these potential solutions.
2.1 Solutions on the Table
According to the submitted papers, there are 2 main options for the NR-DC IMD interference reporting and configuration.
Note: For discussion convenience, the bandwidth was not mentioned here for that it will not affect the whole mechanism.
	



Fig 1: Procedure for the Different Solutions
Solution 1: No coordination between the MN and SN: MN configures the MN candidate frequencies and SN configures the SN candidate frequencies [1].
With option 1, it is up to UE implementation to determine to report only the affected frequencies and bandwidth in the MCG to the MN or affected frequencies and bandwidth in SCG to the SN. Take the figure 1 as an example, the MN configure (f1,f2) to the UE while the SN configure the (f3,f4) to the UE, if the UE has IMD interference with f1+f3 combination, then the UE can either indicate affected frequency f1 to the MN or affected frequency f3 to the SN.
Solution 2: Adopt MN-SN coordination as legacy EN-DC has done: MN configures both the MN and SN candidate frequencies.
In legacy, the SN provides the frequencies of candidate serving cells to the MN (e.g. CG-Config-> CandidateServingFreqListNR), the MN includes it in the other config together with the MN candidate frequencies. The UE would report both IMD and adjacent channel interference to the MN for all of the candidate frequencies, then the MN indicates the MR-DC related IDC interference information to the SN (e.g. CG-ConfigInfo->mrdc-AssistanceInfo)
Observation 1: For the NR-DC IMD interference IDC reporting, there are 2 main solutions:
· Solution 1: No coordination between the MN and SN: MN configures the MN candidate frequencies and SN configures the SN candidate frequencies [1].
· Solution 2: Adopt MN-SN coordination as legacy EN-DC has done: MN configures both the MN and SN candidate frequencies. 
2.2 Solution Comparison
According to the above Fig 1, we can see that the key difference is whether the UE report the complete IMD frequency range combination information to the network. With the solution 1, the UE only report the affected part to the corresponding node. 
Observation 2: For the solution 1, for the IMD interference (e.g. f1 range + f2 range), the UE only report the affected part to the corresponding node (e.g. f1 range to the MN or f2 range to the SN), the UE can’t report the complete IMD frequency range combination (e.g. f1 range + f2 range) information to the network.
Based on the observation 2, we need to discuss whether the network need to know the complete frequency range combination information for the IMD interference. As shown in the Fig 2 (according to the Table 1), the interference caused by combination of (fx_low, fx_high) and (fy_low, fy_high) are determined with the formula (|fy_low-fx_high|, |fy_high-fx_low|) for the lower range and (|fy_low+fx_low|, |fy_high+fx_high|) for the higher range.
Table 1: (2nd order) IMD frequency limits
	Band
	n3
	n79

	UL frequency
	fx_low: 1710
	fx_high:1785
	fy_low:4400
	fy_high:5000

	2nd order IMD products
	|fy_low-fx_high|
	|fy_high-fx_low|
	|fy_low+fx_low|
	|fy_high+fx_high|

	IMD frequency limits (MHz)
	2615
	3290
	6110
	6785




Fig 2:2nd order IMD frequency Range
Take the n3+ n79 as an example, if the UE reports the frequency range combination of n3 (1710~1785) and n79 (4400~5000), the network would determine the IMD interference location with the above formula and get two frequency ranges: (2615~3290) and (6110~6785). If the UE only indicates part of the frequency range that may cause IMD interference, the network can’t know the exact IMD interference location.
Observation 3: As shown in the Fig 2 and Table 1, the 2nd order IMD interference caused by combination of (fx_low, fx_high) and (fy_low, fy_high) are located at (|fy_low-fx_high|, |fy_high-fx_low|) and at (|fy_low+fx_low|, |fy_high+fx_high|) 
Observation 3a: If the UE only indicates part of the frequency range that cause IMD interference, the network can’t know the exact IMD interference location. 
Based on the observation 3/3a, we further discuss whether the network need to know the exact IMD interference location. For this issue, it depends on how the network solve the IMD interference issue. Based on whether the network schedules the reported frequency range, generally there are 2 methods:
· Method 1: the network avoids scheduling any PRBs on the reported frequency range 
· Method 2: Network adopt some algorithm to reduce the IMD interference, with this scheme the network can still schedule the PRBs (or part of the PRBs) on the reported frequency range. This method was confirmed by the RAN4 reply LS in [1].
Observation 4: To solve the IMD interference issue, generally there are 2 methods:
· Method 1: the network avoids scheduling any PRBs on the reported frequency range 
· Method 2: Network adopt some algorithm to reduce the IMD interference, with this scheme the network can still schedule the PRBs (or part of the PRBs) on the reported frequency range. (This method was also confirmed by the RAN4 reply LS in [1].)
Based on the above observations, if the solution 1 was selected, to avoid the IMD interference the network has to avoid the scheduling on the reported frequency range (e.g. avoid any scheduling on the reported frequency range), which is quite strict to the network side. If the UE provide the complete frequency range combination info to the network, the network can have more flexible scheduling. 
Proposal 1: For the NR-DC IMD interference (e.g. IMD cause by f1 range+f2 range), the UE shall not only report part of affected frequency range (e.g. only f2 range) to the network, the UE shall indicate the complete frequency range combination (e.g. f1 range +f2 range) to the network.
Proposal 1a: For the NR-DC IMD interference, the solution 2 shall be taken as baseline for that the solution 1 can’t provide correct/complete information to the network, and will have strong restrict to the network scheduling.
2.3 Solution 2 Details
For the solution 2, we see that the most concern is from the specification work complexity on the MN-SN coordination. However, as we described before, compared with the legacy solution, there are only 2 enchantment would be needed:


Fig 3: IMD IDC reporting with FDM enhancement
(1) Add affected bandwidth info for the IDC report configuration in step 1 of the Fig3, the current structure of candidateServingFreqRangeListNR-r18 in the running CR can be reused (e.g. CG-Config->candidateServingFreqRangeListNR-r18).
Proposal 2: Include the candidateServingFreqRangeListNR-r18 in the CG-Config for the SN to indicate the candidate frequency Ranges. The same signaling structure as that in the “otherConfig” can be reused.
CandidateServingFreqRangeListNR-r18 ::= SEQUENCE (SIZE (1..maxFreqIDC-r16)) OF CandidateServingFreqRangeNR-r18
CandidateServingFreqRangeNR-r18 ::=     SEQUENCE {
    candidateCenterFreq-r18          ARFCN-ValueNR,
	candidateBandwidth-r18           ENUMERATED {mhz5, mhz10, mhz20, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100, mhz200, mhz300, mhz400, whole}
}
(2) Add coordination between the MN and SN when the MN receive the IDC report from the UE (Step 4 of the Fig3).
For the step 4, in the legacy signaling, the MN indicates the MR-DC related IDC interference information to the SN (e.g. CG-ConfigInfo->mrdc-AssistanceInfo), with the R18 FDM enhancement based on the current ASN.1 structure in the running CR, the IDC-FDM-Assistance-r18 as below can be reused (e.g. CG-ConfigInfo->IDC-FDM-Assistance-r18)
[bookmark: OLE_LINK2]IDC-FDM-Assistance-r18 ::=                  SEQUENCE {
    affectedCarrierFreqRangeList-r18             AffectedCarrierFreqRangeList-r18   OPTIONAL,
    affectedCarrierFreqRangeCombList-r18         AffectedCarrierFreqRangeCombList-r18 OPTIONAL,
    ...
}
Proposal 3: Include the IDC-FDM-Assistance-r18 in the CG-ConfigInfo for the MN to indicate the FDM IDC report to the SN. The same signaling structure as that in the UAI can be reused.
Furthermore, the IMD interference is caused by the simultaneously transmission of the both MN and SN, thus, the SN shall also know which frequency ranges would be used by the MN side to further determine the available frequency ranges at the SN side.
Proposal 4: For the MR-IDC reporting with FDM enhancement, besides the MR-DC related IDC interference information, the SN shall also know which frequency ranges would be used by the MN side to further determine the available frequency ranges at the SN side.
[bookmark: _GoBack]Based on the proposal 4, the MN can indicate the serving Frequency Ranges (e.g. the frequency range currently configured or the frequency ranges that may be configured in the future) to the SN, the SN can make the further determination based on these information.
Proposal 4a: The MN can indicate the serving Frequency Ranges (e.g. the frequency range currently configured or the frequency ranges that may be configured in the future) to the SN.
To indicate the serving frequency range, the MN can indicate the related NR-DC IMD interference Index to the SN. The index indicates the location of the affectedCarrierFreqRangeCombList-r18. 
IDC-FDM-Assistance-r18 ::=                  SEQUENCE {
    affectedCarrierFreqRangeList-r18             AffectedCarrierFreqRangeList-r18  OPTIONAL,
    affectedCarrierFreqRangeCombList-r18         AffectedCarrierFreqRangeCombList-r18 OPTIONAL,
    ...
}
Take the Fig 4 as an example, we note the IMD interference between the MN and SN as IDC comb x,y,z, where 


Fig 4: MR-DC IDC Interference
x= Combination of (f1 Range1 + f3 range 1)
y = Combination of (f1 Range2 + f3 range 2)
z= Combination of (f2 Range1 + f3 range 2)
Then if the MN currently works on the f1 range 1 and may work on the f2 range 1 in the future, the the MN can either indicate (f1 range 1, f2 range 1) explicitly or IDC comb index (x, z) implicitly.
Proposal 5: The MN can indicate the serving Frequency Ranges to the SN with the affected IDC comb index, the index indicates the location of the affectedCarrierFreqRangeCombList-r18. 
IDC-FDM-Assistance-r18 ::=                  SEQUENCE {
    affectedCarrierFreqRangeList-r18             AffectedCarrierFreqRangeList-r18   OPTIONAL,
    affectedCarrierFreqRangeCombList-r18         AffectedCarrierFreqRangeCombList-r18  OPTIONAL,
mnSelectedIDCCombIndexList                     SEQUENCE (SIZE (1..maxCombIDC-r16)) OF IDCCombIndex
....
}
IDCCombIndex  ::=   INTEGER  (1..maxCombIDC-r16)
Based on the above proposals, the TP on the MN-SN interface are also included in the Annex.
Proposal 6: Take the TP in the Annex as start point for the MN-SN interface Asn.1 coding discussion.
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Observation 1: For the NR-DC IMD interference IDC reporting, there are 2 main solutions:
· Solution 1: No coordination between the MN and SN: MN configures the MN candidate frequencies and SN configures the SN candidate frequencies [1].
· Solution 2: Adopt MN-SN coordination as legacy EN-DC has done: MN configures both the MN and SN candidate frequencies. 
Observation 2: For the solution 1, for the IMD interference (e.g. f1 range + f2 range), the UE only report the affected part to the corresponding node (e.g. f1 range to the MN or f2 range to the SN), the UE can’t report the complete IMD frequency range combination (e.g. f1 range + f2 range) information to the network.
Observation 2: For the solution 1, for the IMD interference (e.g. f1 range + f2 range), the UE only report the affected part to the corresponding node (e.g. f1 range to the MN or f2 range to the SN), the UE can’t report the complete IMD frequency range combination (e.g. f1 range + f2 range) information to the network.
Table 1: (2nd order) IMD frequency limits
	Band
	n3
	n79

	UL frequency
	fx_low: 1710
	fx_high:1785
	fy_low:4400
	fy_high:5000

	2nd order IMD products
	|fy_low-fx_high|
	|fy_high-fx_low|
	|fy_low+fx_low|
	|fy_high+fx_high|

	IMD frequency limits (MHz)
	2615
	3290
	6110
	6785




Fig 2:2nd order IMD frequency Range
Observation 3: As shown in the Fig 2 and Table 1, the 2nd order IMD interference caused by combination of (fx_low, fx_high) and (fy_low, fy_high) are located at (|fy_low-fx_high|, |fy_high-fx_low|) and at (|fy_low+fx_low|, |fy_high+fx_high|). 
Observation 3a: If the UE only indicates part of the frequency range that cause IMD interference, the network can’t know the exact IMD interference location. 
Observation 4: To solve the IMD interference issue, generally there are 2 methods:
· Method 1: the network avoids scheduling any PRBs on the reported frequency range 
· Method 2: Network adopt some algorithm to reduce the IMD interference, with this scheme the network can still schedule the PRBs (or part of the PRBs) on the reported frequency range. (This method was also confirmed by the RAN4 reply LS in [1].)
Proposal 1: For the NR-DC IMD interference (e.g. IMD cause by f1 range+f2 range), the UE shall not only report part of affected frequency range (e.g. only f2 range) to the network, the UE shall indicate the complete frequency range combination (e.g. f1 range +f2 range) to the network.
Proposal 1a: For the NR-DC IMD interference, the solution 2 shall be taken as baseline for that the solution 1 can’t provide correct/complete information to the network, and will have strong restrict to the network scheduling.
Proposal 2: Include the candidateServingFreqRangeListNR-r18 in the CG-Config for the SN to indicate the candidate frequency Ranges. The same signaling structure as that in the “otherConfig” can be reused.
Proposal 3: Include the IDC-FDM-Assistance-r18 in the CG-ConfigInfo for the MN to indicate the FDM IDC report to the SN. The same signaling structure as that in the UAI can be reused.
Proposal 4: For the MR-IDC reporting with FDM enhancement, besides the MR-DC related IDC interference information, the SN shall also know which frequency ranges would be used by the MN side to further determine the available frequency ranges at the SN side.
Proposal 4a: The MN can indicate the serving Frequency Ranges (e.g. the frequency range currently configured or the frequency ranges that may be configured in the future) to the SN.
Proposal 5: The MN can indicate the serving Frequency Ranges to the SN with the affected IDC comb index, the index indicates the location of the affectedCarrierFreqRangeCombList-r18. 
Proposal 6: Take the TP in the Annex as start point for the MN-SN interface Asn.1 coding discussion.
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5. 

6. Annex- TP on the MN-SN interface Asn.1 coding
[bookmark: _Toc60777636][bookmark: _Toc124713672]–	CG-Config
This message is used to transfer the SCG radio configuration as generated by the SgNB or SeNB. It can also be used by a CU to request a DU to perform certain actions, e.g. to request the DU to perform a new lower layer configuration.
Direction: Secondary gNB or eNB to master gNB or eNB, alternatively CU to DU.
CG-Config message
-- ASN1START
-- TAG-CG-CONFIG-START

CG-Config ::=                   SEQUENCE {
    criticalExtensions                  CHOICE {
        c1                                  CHOICE{
            cg-Config                           CG-Config-IEs,
            spare3 NULL, spare2 NULL, spare1 NULL
        },
        criticalExtensionsFuture            SEQUENCE {}
    }
}

/******************Omit the unchanged part****************************************************/

CG-Config-v1730-IEs ::=             SEQUENCE {
    fr1-Carriers-SCG-r17                INTEGER (1..32)                                 OPTIONAL,
    fr2-Carriers-SCG-r17                INTEGER (1..32)                                 OPTIONAL,
    nonCriticalExtension                CG-Config-v1800-IEsSEQUENCE {}                                     OPTIONAL
}
CG-Config-v1800-IEs ::=             SEQUENCE {
    candidateServingFreqRangeListNR-r18 CandidateServingFreqRangeListNR-r18     OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                                     OPTIONAL
}
/******************Omit the unchanged part****************************************************/
-- TAG-CG-CONFIG-STOP
-- ASN1STOP

	CG-Config field descriptions

	candidateServingFreqRangeListNR-r18
Use to provides the frequency ranges of candidate serving cells to the MN


[bookmark: _Toc124713673][bookmark: _Toc60777637]–	CG-ConfigInfo
This message is used by master eNB or gNB to request the SgNB or SeNB to perform certain actions e.g. to establish, modify or release an SCG. The message may include additional information e.g. to assist the SgNB or SeNB to set the SCG configuration. It can also be used by a CU to request a DU to perform certain actions, e.g. to establish, or modify an MCG or SCG.
Direction: Master eNB or gNB to secondary gNB or eNB, alternatively CU to DU.
CG-ConfigInfo message
-- ASN1START
-- TAG-CG-CONFIG-INFO-START

CG-ConfigInfo ::=               SEQUENCE {
    criticalExtensions              CHOICE {
        c1                              CHOICE{
            cg-ConfigInfo               CG-ConfigInfo-IEs,
            spare3 NULL, spare2 NULL, spare1 NULL
        },
        criticalExtensionsFuture        SEQUENCE {}
    }
}
/*************Omit the unchanged part************************/
CG-ConfigInfo-v1730-IEs ::=             SEQUENCE {
    fr1-Carriers-MCG-r17                    INTEGER (1..32)                              OPTIONAL,
    fr2-Carriers-MCG-r17                    INTEGER (1..32)                              OPTIONAL,
    nonCriticalExtension                    CG-ConfigInfo-v1800-IEsSEQUENCE {}                                     OPTIONAL
}
CG-ConfigInfo-v1800-IEs ::=             SEQUENCE {
   idc-FDM-Assistance-r18                   IDC-FDM-Assistance-r18     OPTIONAL,
 mnSelectedIDCCombIndexList              SEQUENCE (SIZE (1..maxCombIDC-r16)) OF IDCCombIndex        OPTIONAL
....
}
IDCCombIndex  ::=   INTEGER  (1..maxCombIDC-r16)

/*************Omit the unchanged part************************/

-- TAG-CG-CONFIG-INFO-STOP
-- ASN1STOP

	CG-ConfigInfo field descriptions

	idc-FDM-Assistance-r18
Use to indicate the IDC interference information to the SN.

	mnSelectedIDCCombIndexList 
Use to indicate MN selected serving Frequency Ranges to the SN. Each Index indicate the position of the IDC comb entry in the affectedCarrierFreqRangeCombList-r18 of the idc-FDM-Assistance-r18.
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