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1 Introduction 
WID of IDC was agreed in [1]. The FDM related objective is copied as below for reference.
	· 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.



RAN2 has discussed IDC in #119 meeting and #120 meeting, and mainly concluded the following:

	Agreements:

1. Granular indications of the affected NR frequency reported for IDC issue needs to consider both serving and non-serving frequency as in the legacy FDM solution.

2. Reconfirm, The Rel-18 IDC solution should allow for more granular IDC indications both on serving and on non-serving frequencies.

3. Only one single new finer granularity report is introduced, that applies for both serving and non-serving frequencies.

4. 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.

Option 1: Central frequency + Bandwidth of the actual affected frequency range (3/14 for both serving and non serving frequency, 2/14 non serving frequency) [5], [6], [9], [11].

Option 2: Starting frequency + Ending frequency of the actual affected frequency range (2/14 for both serving frequency and non-serving frequency) [5], [6].

Option 2a: starting frequency + Bandwidth of the actual affected frequency range (1/14 for both serving frequency and non-serving frequency) [6].

5. MN can configure IDC, FFS whether SN can configure IDC for SN

6. For LTE, problematic frequencies of E-UTRA are indicated by indicating measurement object IDs (same as existing LTE, no specification impact is foreseen.)




2 Discussion  

2.1 Background on IDC FDM solutions in LTE and NR

IDC is a mechanism with long history introduced in both LTE and NR. It aims to address the co-existence issue between 3GPP RAT and non-3GPP RAT(s) (e.g., GNSS, WiFi, Bluetooth, etc). The problem could come from harmonic signal or inter-modulation (IMD) signal, where harmonic signal involves one UL signal from aggressor RAT and IMD signal involves two UL signals from aggressor RAT(s).
In LTE, the IDC configuration for FDM solutions is provided by MN for single carrier, CA and MRDC scenarios. Correspondingly, UE reports the IDC status to MN for all scenarios. In NR Rel-16, a basic IDC framework has been developed in NR, supporting a FDM reporting where UE reports the IDC issue it can not solve by itself on the frequencies configured by candidateServingFreqListNR. It is noted NR-DC is supported in Rel-16 IDC where the IDC configuration comes from MN and the UE reporting goes to MN as well. The existing solution is deemed as too coarse in affected resource reporting.
Observation 1: Legacy IDC framework in LTE and NR only supports MN controlled IDC reporting.

The aim of Rel-18 IDC is to develop an enhanced method for UE to provide more granular indication of affected resources. Two potential approaches were identified during RAN plenary discussion, i.e., BWP level reporting or PRB level reporting. Later on, RAN2 agreed to only focus on PRB level reporting, in order to pursue a unified solution for serving and non-serving carriers.
2.2 Discussion on solutions
As explained above, in last meeting RAN2 agreed with Option 1 and Option 2/2a and excluded the BWP based approach. In order to make a down selection among the three candidate options, we think a full picture with both configuration and reporting should be considered together. 

In Option 1 and Option 2a, the bandwidth of the affected frequency is included in UE reporting. It is observed that in the email discussion [2], rapporteur proposed that UE should report the affected carrier bandwidth in the unit of MHz (or kHz). We think it should be investigated to balance the reporting granularity and signaling overhead. In details, using MHz as the unit may not meet the objective in the WID especially for FR1. So we think whether legacy resource block can be used here should be discussed further.
Proposal 1: RAN2 to discuss more on the granularity (MHz, kHz or resource block) of affected frequency range.
If RAN2 decides to go with MHz/kHz, it is straightforward on signaling design. Otherwise if RAN2 decides to use resource block level reporting, in order to determine the resource block size, the reference SCS used should be clear. Considering that the RB number for an absolute frequency range depends on the SCS, our understanding is there should be a reference SCS either provided by network together with CandidateServingFreqListNR, or specified as a default value. For default value, one possible way is to follow ssbSubcarrierSpacing configured in SIB1.

Proposal 2: In order to support resource block level reporting, there should be a reference SCS for candidate frequencies.
The next question to answer is with a configured target frequency, how UE indicates the affected frequency range. Among the three options, we think there is no significant technical difference. Here we focus on doing the evaluation from the signaling overhead perspective.

· Option 1: Central frequency (ARFCN-NR with 22bits) + Bandwidth (maxNrofPhysicalResourceBlocks with 9bits) = 31bits

· Option 2: Starting frequency (ARFCN-NR with 22bits) + Ending frequency (ARFCN-NR with 22bits) = 44bits
· Option 2a: Starting frequency (ARFCN-NR with 22bits) + Bandwidth (maxNrofPhysicalResourceBlocks with 9bits) = 31bits

From signaling overhead point of view, Option 1 and Option 2a are the same while Option 2 is a bit worse.
Proposal 3: Either Option 1 or Option 2a can be supported.
From network configuration perspective, it cannot be too exhaustive. A rather simple configuration with a center frequency and optionally a bandwidth is promising. From UE side, the affected frequency range may comprise of multiple parts in frequency domain, see below.
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Fig. 1. Multiple affected frequency range at UE around one target frequency
Proposal 4: Network configures the interested frequency range for the candidate frequency.

Proposal 5: For each target frequency in candidateServingFreqListNR, allow UE to report multiple affected frequency ranges.

2.3 MR-DC support

· Both MN and SN configure IDC

In order to support MR-DC scenario, the first question is which entity is responsible for the IDC handling. From our understanding, if the affected carriers only involve one leg, MN and SN can manage the corresponding CG independently. On the other hand, if the affected carriers belong to two legs, it is straightforward that MN handles the IDC handling.
	Index
	Cases
	Responsible network entity

	Case 1
	N/A
	Aggressor: non-3GPP RAT

Victim: 3GPP RAT
	Either MN or SN
	No coordination is needed

	Case 2-1
	Harmonic 
	Aggressor: 3GPP RAT

Victim: non-3GPP RAT
	Either MN or SN 
	No coordination is needed

	Case 2-2
	IMD from two carriers in the same CG
	
	Corresponding entity of the CG
	No coordination is needed

	Case 2-3
	IMD from two carrier across two CG(s)
	
	MN
	SN->MN: target frequency list

MN->SN: affected carriers in SCG


Among the scenarios listed in above table, it can be seen only in the scenario where the IMD is from two carriers across two CG(s), MN/SN coordination is required. In other scenarios, no MN/SN coordination is required.

Observation 1: Only for the scenario where the IMD is from two carriers across two CG(s), MN/SN coordination is required. In other scenarios, no MN/SN coordination is required.

In terms of network configuration on candidate frequency, the basic question is whether SN can configure the IDC reporting to UE directly. Though spec change to LTE is allowed to enable the enhanced NR leg reporting, it is still beneficial to limit the changes to LTE spec. So it’s beneficial to allow SN to control SCG specific IDC reporting especially in EN-DC.
One related aspect is whether SN needs to coordinate the candidate frequency list to MN. Our understanding is if MN alone configures IDC, SN needs to inform its candidate frequency list and interested frequency range (if not specified as default value) to MN. However, if both MN and SN can provide IDC configuration, we don’t see the need for MN/SN coordination merely to avoid duplication.
Proposal 6: Confirm in RAN2 that SN can configure IDC reporting, either via SRB3 or SRB1 (SCG RRCReconfiguration contained in MCG RRCReconfiguration).

When IDC issue occurs, UE determines the scenarios of IDC. If the affected carriers are due to IMD issue from two carriers across two CG(s) (Case 2-3), UE reports the affected carrier combos to MN. Thereafter, if MN decides to release SCG carrier, MN coordinates with SN on the decision. Otherwise, if the affected carriers are from other cases except for Case 2-3, UE reports the affected carriers to the corresponding network entity. It helps to reduce the latency of network response by avoiding the exchange between MN and SN.

Regarding the SRB via which to carry the IDC report to SN node, it is the same as conventional way. If SRB3 is configured, UE uses SRB3 to transmit SCG IDC reporting accordingly. Otherwise if SRB3 is not configured, UE can transmit SCG IDC reporting via SRB1 container (ULInformationTransferMRDC).
Proposal 7: UE reports IDC assistance information to the corresponding network entity for harmonic interference and IMD interference from two candidate carriers in the same CG. 
Proposal 8: For IMD interference from two candidate carriers across two CG(s), UE should only report the IDC status to MN and MN is responsible for IDC handling.

Proposal 9: If MN decides to release SCG carrier for IMD interference handling, MN informs SN about its decision.

· Only MN configures IDC

If only MN configures IDC, some coordination between MN and SN is required to support MR-DC deployment.

· SN -> MN: candidate frequency list, interested frequency range if agreed

· MN -> SN: available/unavailable resource at SN

Proposal 10: In order to support IDC configuration by MN alone, following MN/SN coordination are required.

· SN -> MN: candidate frequency list, interested frequency range if agreed

· MN -> SN: available/unavailable resource at SN

3 Conclusion
Based on the above discussion, our observations and proposals are as following:
Observation 1: Legacy IDC framework in LTE and NR only supports MN controlled IDC reporting.

Proposal 1: RAN2 to discuss more on the granularity (MHz, kHz or resource block) of affected frequency range.
Proposal 2: In order to support resource block level reporting, there should be a reference SCS for candidate frequencies.

Proposal 3: Either Option 1 or Option 2a can be supported.

Proposal 4: Network configures the interested frequency range for the candidate frequency.

Proposal 5: For each target frequency in candidateServingFreqListNR, allow UE to report multiple affected frequency ranges.

Proposal 6: Confirm in RAN2 that SN can configure IDC reporting, either via SRB3 or SRB1 (SCG RRCReconfiguration contained in MCG RRCReconfiguration).
Proposal 7: UE reports IDC assistance information to the corresponding network entity for harmonic interference and IMD interference from two candidate carriers in the same CG. 

Proposal 8: For IMD interference from two candidate carriers across two CG(s), UE should only report the IDC status to MN and MN is responsible for IDC handling.

Proposal 9: If MN decides to release SCG carrier for IMD interference handling, MN informs SN about its decision.

Proposal 10: In order to support IDC configuration by MN alone, following MN/SN coordination are required.

· SN -> MN: candidate frequency list, interested frequency range if agreed

· MN -> SN: available/unavailable resource at SN
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