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1. Introduction
About IDC reporting, in Rel15/16, the legacy FDM scheme as in LTE has been agreed for NR, including: 
· EUTRA-NR band combination reporting to eNB for EN-DC case;
· NR carrier or NR carrier combination reporting to gNB for NR single CC/CA and NR-DC cases.
In Rel-18, the IDC would be further enhanced as described in the WID from both FDM and TDM aspects [1]. 
	This WI expects to address interference between 3GPP (including various MR-DC architectures, i.e. NR-DC and EN-DC) and non-3GPP RAT (e.g. WiFi).
· Enhancements to FDM solution, to allow more granular indication of affected frequencies (e.g. granularity of BWP or PRB level). (RAN2)
Note: Enhancements to FDM solution is prioritized.
· Introduction of TDM solution (e.g. indication of UE preferred TDM pattern for UL/DL). (RAN2, RAN4).
Note: The TDM solution is considered complementary to the FDM solution.

· Specify RRM requirements for TDM solution (RAN4)


Before any discussion on the detail enhancement scheme, we would like to have some clarification on the R18 IDC scope in this paper.
2. Discussion
In this chapter, for FDM discussion, we first list which kind of IDC interference scenarios have been reported within the legacy FDM signaling, then to discuss whether to include all of the other IDC interference scenarios. For TDM discussion, we would like to confirm which TDM solution shall be taken as baseline.
2.1 FDM IDC reporting
For FDM solution, in Rel-11, the UE would report the affected carriers together with interference direction. Then it was further enhanced to cover UL CA case, in which some UL band combination that may cause IDC interference to the non-3gpp RAT would also be reported together with the victim system Type.
In Rel-15, the IDC for the EN-DC case was specified, in which the UE can report the IDC interference caused by EN-DC combination to the eNB. Furthermore, in Rel-16, the IDC scheme was extended to NR, the UE would report the NR carrier or NR carrier combination that affected by the IDC interference to the gNB.
According to the above description, there are 3 different IDC interference types.
(1) Type 1: (potential) interference from/to a single frequency
(2) Type 2: (potential) interference caused by UL CA or 3GPP intra- RAT UL DC to non-3gpp RAT 
(3) Type 2a: (potential) interference caused by 3GPP inter- RAT UL DC (EUTRA+NR) to non-3gpp RAT
If we also take the network node type into consideration, the below cases have been covered by the legacy FDM IDC reporting as shown in the Table 1:
Table 1: Legacy IDC Interference Reporting Types
	   Interference     types
Network 
node
	Type 1
(potential) interference from/to a single frequency
	Type 2
(potential) interference by intra-3gpp RAT CA/DC BC
	Type 2a
(potential) interference by inter-3gpp RAT DC BC

	eNB (Note 1)
	IDC on EUTRA single carrier
	IDC caused by EUTRA UL CA
	IDC caused by EUTRA and NR band combination

	
	FFS: IDC on NR single carrier (Note 2)
	FFS: IDC caused by  NR UL CA (Note 2)
	

	gNB (Note 1)
	IDC on NR single carrier
	IDC caused by NR UL CA or DC
	No IDC reporting

	
	No IDC reporting on EUTRA single carrier
	NO IDC reporting that  caused by EUTRA UL CA or DC
	

	Note 1: For the case with eNB as network node, the UE can work at EUTRA single carrier, or EUTRA UL CA or (NG)EN-DC, for the case with gNB as network node, the UE can work at NR single carrier, or NR UL CA or NR-DC, NE-DC
Note 2: Though the current signaling can support NR single carrier/NR UL CA reporting to the eNB for the EN-DC case, the trigger condition in 36331 as below may not be satisfied if the IDC is only caused by NR single cc or NR CA:
if configured to provide IDC indications for MR-DC, and if on one or more supported MR-DC combination comprising of at least one E-UTRA carrier frequency for which a measurement object is configured and at least one NR carrier frequency included in candidateServingFreqListNR,


Based on the Table 1, we can get the below two observations:
[bookmark: _GoBack]Observation 1: For the case with gNB as network node (e.g. the UE is working at NR single carrier, NR UL CA, NR-DC or NE-DC), the current spec doesn’t support the IDC interference with the EUTRA carrier (including EUTRA single carrier, EUTRA UL CA and NR-EUTRA band combination) reporting to the gNB node.
Observation 2: For the case with eNB as network node (e.g. the UE is working at EUTRA single carrier, or EUTRA UL CA or (NG)EN-DC), it’s not clear whether the UE would report the IDC interference with NR carrier (including NR single carrier or NR CA/DC) to the eNB node with the current spec.
Considering that the UE may handover between EUTRA and NR, for the case with gNB as network node (e.g. the UE is working at NR single carrier, NR UL CA, NR-DC or NE-DC), if the network has configured EUTRA measurement objects, the UE can also report the IDC interference that affected by the frequency for which a measurement object is configured. Similarly, for the case with eNB as network node (e.g. the UE is working at EUTRA single carrier, or EUTRA UL CA or (NG)EN-DC), the network can also ask the UE to report the IDC that caused by NR (e.g. NR single carrier, NR CA/DC). Furthermore in the WID, it also mentioned that “This WI expects to address interference between 3GPP (including various MR-DC architectures, i.e. NR-DC and EN-DC) and non-3GPP RAT (e.g. WiFi).”, thus it’s suggest to including various IDC interference reporting.
Proposal 1：Besides the legacy IDC FDM reporting type, support the below FDM IDC reporting in the Rel-18:
· For the case with gNB as network node (e.g. the UE is working at NR single carrier, NR UL CA, NR-DC or NE-DC), support the IDC interference with the EUTRA carrier (including EUTRA single carrier, EUTRA UL CA and NR-EUTRA band combination) reporting to the gNB node.
· For the case with eNB as network node (e.g. the UE is working at EUTRA single carrier, or EUTRA UL CA or (NG)EN-DC), support the IDC interference with NR carrier (including NR single carrier or NR CA/DC) reporting to the eNB node.
2.2 TDM Introduction
For the TDM introduction, it would be seen as complementary to the FDM according to the WID.
	Introducing a TDM solution would make it possible to handle scenarios for which alternative non-interfered frequencies are not available. The TDM solution may be used to avoid the interference caused by simultaneous uplink transmission on the UL frequencies to non-3GPP RAT.
Introduction of TDM solution (e.g. indication of UE preferred TDM pattern for UL/DL). (RAN2, RAN4).
Note: The TDM solution is considered complementary to the FDM 


In legacy, there were several different TDM solutions:
· UE provides idc-SubframePatternList on the serving carrier; 
· UE provides drx-AssistanceInfo on the serving carrier.
Observation 3: For TDM scheme, there are 2 legacy solutions:
· UE provide idc-SubframePatternList on the serving carrier; 
· UE provide drx-AssistanceInfo on the serving carrier.
However, the TDM solution hasn’t been deployed even in LTE, so RAN2 can further confirm whether there is a need to introduce TDM for NR. If companies see the necessity to support TDM solution, we can further discuss which solution can be introduced as baseline. For idc-SubframePatternList, it is provided based on the HARQ timing of each TDD/FDD mode, however for NR, the HARQ timing is flexible and there is no fixed TDD pattern, so it would be much complex (or even impossible) to indicate the preferred subframe pattern.
Observation 4: The legacy idc-SubframePatternList is provided based on the HARQ timing of each TDD/FDD mode, it’s infeasible for NR case because the HARQ timing in NR is flexible.
For drx-AssistanceInfo, the UE would report the preferred DRX configuration to the network. However, as we analyzed in the MUSIM, the drawbacks for the DRX based scheme is that the duration of DRX Off is up to the short/long cycle, which depends on the data transfer status. While for the MUSIM, both aperiodic gap and aperiodic GAP have been agreed, the similar solution may also be adopted for the IDC TDM assistance information reporting.
Proposal 2: RAN2 to discuss which kind of gap solutions shall be adopted for IDC, i.e. DRX-like scheme or MUSIM Gap-like scheme. 
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Observation 1: For the case with gNB as network node (e.g. the UE is working at NR single carrier, NR UL CA, NR-DC or NE-DC), the current spec doesn’t support the IDC interference with the EUTRA carrier (including EUTRA single carrier, EUTRA UL CA and NR-EUTRA band combination) reporting to the gNB node.
Observation 2: For the case with eNB as network node (e.g. the UE is working at EUTRA single carrier, or EUTRA UL CA or (NG)EN-DC), it’s not clear whether the UE would report the IDC interference with NR carrier (including NR single carrier or NR CA/DC) to the eNB node with the current spec.
Proposal 1：Besides the legacy IDC FDM reporting type, support the below FDM IDC reporting in the Rel-18:
· For the case with gNB as network node (e.g. the UE is working at NR single carrier, NR UL CA, NR-DC or NE-DC), support the IDC interference with the EUTRA carrier (including EUTRA single carrier, EUTRA UL CA and NR-EUTRA band combination) reporting to the gNB node.
· For the case with eNB as network node (e.g. the UE is working at EUTRA single carrier, or EUTRA UL CA or (NG)EN-DC), support the IDC interference with NR carrier (including NR single carrier or NR CA/DC) reporting to the eNB node.
Observation 3: For TDM scheme, there are 2 legacy solutions:
· UE provide idc-SubframePatternList on the serving carrier; 
· UE provide drx-AssistanceInfo on the serving carrier.
Observation 4: The legacy idc-SubframePatternList is provided based on the HARQ timing of each TDD/FDD mode, it’s infeasible for NR case because the HARQ timing in NR is flexible.
Proposal 2: RAN2 to discuss which kind of gap solutions shall be adopted for IDC, i.e. DRX-like scheme or MUSIM Gap-like scheme. 
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