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1 Introduction 
In this contribution, we discuss FDM solutions that can be used to enhance the existing IDC solutions in Rel-18 .
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In Rel-18, it was agreed to introduce IDC enhancements in WID [1]:

In this contribution, we give our views on the possible FDM solutions to enhance IDC.
2 Background
IDC is a well-known problem for 3GPP systems that was extensively studied in LTE, culminating in a TR [2] and several deployed enhancements. 

At the basic level, IDC (In-Device Coexistence) happens due to proximity of radio transceivers within the same UE as shown in Fig.1, which inadvertently causes some interference between adjacent frequencies. A typical IDC case is when the transmit power of one transmission is much higher than the received power of another transmission in an adjacent frequency as shown in Fig. 2.  
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This IDC issue is experienced in many bands, but is most pronounced in N40 and N41 bands due to their adjacency to ISM bands where WiFi and Bluetooth channels are operating, along with N79 band, which is adjacent to the WiFi 5 GHz band, thus, the UE operation in those bands can cause mutual degradation between 3GPP and non-3GPP RATs.

3 Existing IDC Reporting capability  
In existing Rel-17 spec. [3] the UE is capable of reporting some IDC issues on the band granularity. Namely, a UE can inform gNB of the IDC capability indication RRC message, The gNB can then configure the UE via the idc-AssistanceConfig IE in otherConfig which is part of the RRCConnectionReconfiguratio. The gNB indicates the reporting configuration on the carrier frequency granularity via the candidateServingFreqListNR field.
Observation 1: In Rel-17 the gNB can configure the UE to report IDC problems at a carrier granularity. 

When detecting an IDC problem, the UE can then report this IDC problem using the IDC-Assistance-r16 IE in some detail to the gNB via UEAssistanceInfomation (UAI) signalling. The below table indicates all the fields that may be included in the UE IDC report.
	IDC Fields
	Description

	affectedCarrierFreqList
	Indicates a list of NR carrier frequencies that are affected by IDC problem.

	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)

	affectedCarrierFreqCombList
	Indicates a list of NR carrier frequencies combinations that are affected by IDC problems due to Inter-Modulation Distortion and harmonics from NR when configured with UL CA.

	victimSystemType
	Indicate the list of victim system types to which IDC interference is caused from NR when configured with UL CA. Value gps, glonass, bds, galileo and navIC indicates the type of GNSS. Value wlan indicates WLAN and value bluetooth indicates Bluetooth.


Observation 2: A UE can indicate a carrier frequency, or a list of carrier frequencies affected by IDC in UAI. 
Triggering an IDC report is up to UE implementation. Following such indication, the gNB can do an inter-frequency HO to shift the UE operation away from the IDC problematic band.
4 FDM Enhancements

During the plenary phase discussions [4], there was some consensus on the need to introduce more granular IDC indication for FDM, e.g., on the BWP or the PRB level. This allows the network more flexibility in alleviating the IDC issue by changing the BWP or simply avoiding allocating DL and/or DL (depending on IDC direction) on problematic PRBs, if the IDC issue is only confined to a small BW within the carrier. Furthermore, for the baseline solution, a different carrier frequency may not always be immediately available to perform inter-frequency HO. 

Observation 3: In Rel-17 IDC framework, the gNB can only respond to an IDC report from the UE by changing the carrier frequency even if the IDC problem is present only for a small number of PRBs as the UE does not report the specific PRBs affected by the IDC. This is not always feasible or spectrally efficient.
Observation 4: For FDM IDC enhancements, more granular indication is needed to give the NW more flexibility to alleviate the UE IDC issue.
Thus, in Rel-18, for a more granular indication, the UE can indicate the affected BWP ID, PRBs-per-carrier, and or a central frequency and affected bandwidth. The gNB can then change PRBs allocated via controlling the scheduler or switch the BWP away from the affected BW. This solution is especially relevant when non interfered carrier frequencies are not available.

Proposal 1: RAN2 to introduce signalling IDC affected PRB sets indicated by a starting PRB and number of PRBs indicating the affected Bandwidth in an IDC-Assistance-r18 IE carried over UAI. Alternatively, the IDC signalling can indicate a central absolute frequency (e.g., ARFCN) and affected bandwidth.
Proposal 2: RAN2 to introduce signalling the IDC affected BWP ID in an IDC-Assistance-r18 IE carried over UAI.
Furthermore, we propose that similar to LTE, triggering such a report, when configured, should be left to UE implementation when it detects an IDC problem it cannot solve on its own.
Observation 5: In the baseline Rel-16/Rel-17 behaviour, IDC report trigger is left to UE implementation.

Proposal 3: Triggering an IDC report in UAI is left to UE implementation. 

To configure such behaviour, it makes sense to reuse the already available RRC configuration by the network that configures the UE to report IDC issues on the carrier granularity. This can be simply done by instructing the UE to report the problem on a specific granularity. This allows the network to tailor the report it expects to receive to the solution it intends to implement.
Observation 6: Existing RRC IDC configuration can be extended to indicate IDC reporting granularity by UE, e.g., PRB set, central frequency and affected bandwidth, or BWP.

Proposal 4:  The granularity of the IDC report can be configured by the gNB via RRC otherConfig. Recall that IDC reporting is configured for specific carrier frequency via candidateServingFreqListNR. It is proposed to add a ‘granularity’ field to that configuration that allow reporting on the carrier freq., BWP or PRB level according to UE capability and NW configuration.
5 Non-Serving Cell

Aside for reporting IDC issues for the serving cell, there may be some use to report possible IDC issues in a non-serving cell:

· It may be useful for a NW before triggering a HO to assess possible IDC issues arising from the target cell.
· Similarly, the NW may want to assess where, in terms of specific BW, IDC issues may arise in the target cell band. 

Thus, one thing for RAN2 to assess is whether non-serving cell IDC reporting should be allowed.

Proposal 5: RAN2 to assess whether IDC reporting on a non-serving cell is needed, and whether this reporting, if agreed to, should be identical to IDC reporting of serving cell.  

6 MR-DC Specific Issues
Another area that is handled by the WID is the MR-DC. Specifically, MR-DC provides the unique problem of Intermodulation interference where the combination of MN and SN frequencies cause interference to non-3GPP technology. In this case, the UE should be able to report that the IDC issue experienced is unique to this MR-DC frequency pairing, so that the network can avoid this problematic pairing by changing one-or-both of the problematic bands. 

Observation 7: Indicating that an IDC problem is caused by MR-DC can give the network more flexibility to alleviate the MR-DC problem. 
Proposal 6: In MR-DC deployments, the UE can indicate an IDC problem is caused by Intermodulation Interference between MN and SN by adding a flag that indicates that the IDC issue is caused by DC. 
As a first step, this indication can also be included in the already available IDC UAI report to MN. 
Proposal 7: The IDC report in UAI can be enhanced to indicate an IDC issue caused by IMI along with the problematic frequency pairings or cell IDs. FFS on the signalling details.
7 Conclusions

Observation 1: In Rel-17 the gNB can configure the UE to report IDC problems at a carrier granularity. 
Observation 2: A UE can indicate a carrier frequency, or a list of carrier frequencies affected by IDC in UAI. 
Observation 3: In Rel-17 IDC framework, the gNB can only respond to an IDC report from the UE by changing the carrier frequency even if the IDC problem is present only for a small number of PRBs as the UE does not report the specific PRBs affected by the IDC. This is not always feasible or spectrally efficient.

Observation 4: For FDM IDC enhancements, more granular indication is needed to give the NW more flexibility to alleviate the UE IDC issue.
Proposal 1: RAN2 to introduce signalling IDC affected PRB sets indicated by a starting PRB and number of PRBs indicating the affected Bandwidth in an IDC-Assistance-r18 IE carried over UAI. Alternatively, the IDC signalling can indicate a central absolute frequency (e.g., ARFCN) and affected bandwidth.
Proposal 2: RAN2 to introduce signalling the IDC affected BWP ID in an IDC-Assistance-r18 IE carried over UAI.
Observation 5: In the baseline Rel-16/Rel-17 behaviour, IDC report trigger is left to UE implementation.

Proposal 3: Triggering an IDC report in UAI is left to UE implementation. 

Observation 6: Existing RRC IDC configuration can be extended to indicate IDC reporting granularity by UE, e.g., PRB set, central frequency and affected bandwidth, or BWP.

Proposal 4:  The granularity of the IDC report can be configured by the gNB via RRC otherConfig. Recall that IDC reporting is configured for specific carrier frequency via candidateServingFreqListNR. It is proposed to add a ‘granularity’ field to that configuration that allow reporting on the carrier freq., BWP or PRB level according to UE capability and NW configuration.
Proposal 5: RAN2 to assess whether IDC reporting on a non-serving cell is needed, and whether this reporting, if agreed to, should be identical to IDC reporting of serving cell.  

Observation 7: Indicating that an IDC problem is caused by MR-DC can give the network more flexibility to alleviate the MR-DC problem. 
Proposal 6: In MR-DC deployments, the UE can indicate an IDC problem is caused by Intermodulation Interference between MN and SN by adding a flag that indicates that the IDC issue is caused by DC. 
Proposal 7: The IDC report in UAI can be enhanced to indicate an IDC issue caused by IMI along with the problematic frequency pairings or cell IDs. FFS on the signalling details.
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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)


Note: LTE IDC solution should be considered as the baseline for the solutions developed in this WI.





Fig. 1 Coexistence Interference within a UE





Fig.2 Example of coexistence interference from in-device ISM Tx to E-UTRA receiver. Src: TR 36.816









