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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 . n Rel-18, it was agreed to introduce IDC enhancements in WID [1]:

In RAN2 119e and RAN2 120, the following agreements were reached [2][3]:
	RAN2#119 meeting agreements:
· The Adjacent channel interference between NR Stand Alone (SA) or MN of NR-DC and non-3GPP should be considered for the FDM enhancement in Rel.18.

· The Adjacent channel interference between SN (NR) of MR-DC and non-3GPP  should be considered for the FDM enhancement in Rel.18.

· NE-DC is not considered; We will work on NR freq as SA NR case. 

· We will not consider the enhancements on E-UTRA freq for EN-DC scenario. 

· FFS, on signalling details;

· The IMD interference from simultaneous Tx in EN-DC to non-3GPP  should be considered for the FDM enhancement in Rel.18.

· The IMD interference from simultaneous Tx in NR-DC to non-3GPP  should be considered for the FDM enhancement in Rel.18.

· Note: the solution (on freq granularity) for adjacent can be reused for IMD, we will not invent new solution on freq granularity for IMD. FFS on signalling details.

· 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.



	RAN2#120 meeting agreements:

· 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 


 An offline email discussion [4] took place with the following resulting proposals: 
	Proposal 1: [To agree] [8/11] RAN 2 agrees to adopt Option 1 based frequency range reporting to the network i.e Center frequency + bandwidth in KHz/MHz for the actual affected frequencies is reported by the UE to the network for addressing IDC problem in R18.
Proposal 2: [To agree] [8/11] RAN 2 agrees that we take the ASN.1 framework for option 1 as a starting point in the Text proposal section and work on the following enhancements

1. Add granular values for band width (including BW in KHz) to cover all the scenarios involving Wi-Fi, GNSS, BT 

2. Add the other IEs such as direction of interference. 

3. Add combination of frequencies for addressing IMD scenarios.

4. Check whether to reuse maxFreqIDC-r16, or define maxFreqIDC-r18

Proposal 3: [To agree] [8/11] RAN 2 agrees that for each candidate serving frequency (center frequency), the gNB will additionally configure the candidate bandwidth, the combination of these two (centre frequency + bandwidth) is used to indicate the frequency range of the corresponding candidate serving frequency for which the UE should report IDC issues.
Proposal 4: [To agree] [7/11] RAN 2 agrees that ASN.1 framework and field description for gNB configuration around which UE is requested to report IDC issues for FDM solution enhancements can be considered as the starting point in the Text proposal section. The Bandwidth values can be finetuned further. 

Proposal 5: [To agree] [7/11] For each candidate serving frequency range, UE can report two separate affected frequence ranges in the AffectedCarrierFreqRangeList along with the respective interference directions in case the affected frequency ranges in two direction is different. 

Proposal 6: [To agree] [9/11] In MR-DC scenarios, SN can also configure the UE for IDC reporting, including both FDM and TDM solution. 

Proposal 7: [To agree] [8/11] RAN 2 agrees that no additional co-ordination is needed for IDC configuration, apart from the existing mechanism between MN and SN. 

Proposal 8: [To discuss] 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. 




2 Configuration and signalling
In the email discussion [4], there was some suggestions regarding how gNB can configure more granular reporting with the following rapporteur proposals:
	Proposal 3: [To agree] [8/11] RAN 2 agrees that for each candidate serving frequency (center frequency), the gNB will additionally configure the candidate bandwidth, the combination of these two (centre frequency + bandwidth) is used to indicate the frequency range of the corresponding candidate serving frequency for which the UE should report IDC issues.
Proposal 4: [To agree] [7/11] RAN 2 agrees that ASN.1 framework and field description for gNB configuration around which UE is requested to report IDC issues for FDM solution enhancements can be considered as the starting point in the Text proposal section. The Bandwidth values can be finetuned further. 


In our opinion, the approach suggested by the rapporteur is not the correct one, as it requires both a new RRC configuration that is separate from existing candidateServingFreqListNR and functionally requires gNB to guess IDC issues’ location possibly on the order of a few PRBs.  

Observation 1: Having the gNB configure center frequency and candidate bandwidth for granular reporting is not needed as it entails a complicated RRC configuration with no tangible gain, furthermore the UE capability and IDC interpretation at the UE would introduce ambiguity in the result.

An easier approach is to keep the Rel-16 candidateServingFreqListNR RRC configuration for the UE, while indicating if the UE should report this with higher granularity. 

Proposal 1: gNB configuration can configure reporting for the carrier freq using Rel-16 candidateServingFreqListNR and add the granularity requirement if needed. UE would then send granular reports based on its capability and IDC experienced. 
Note that since these IDC issues are only a few reports that don’t change often, excessive reporting would not be an issue. 
3 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 (IMD) 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.  Another issue is SN configuration and reporting for IDC problems that may be caused by adjacent frequency. We have the following agreements in [2][3]:
	 The Adjacent channel interference between NR Stand Alone (SA) or MN of NR-DC and non-3GPP should be considered for the FDM enhancement in Rel.18.

The Adjacent channel interference between SN (NR) of MR-DC and non-3GPP should be considered for the FDM enhancement in Rel.18
MN can configure IDC, FFS whether SN can configure IDC for SN


3.1 SN Configuring IDC (Applicable for FDM & TDM)
The important question that was raised last meeting [2] and in the email discussion [4] is whether SN can configure IDC reporting. In our view, it is essential that SN can separately configure SN reporting. 

Since some IDC issues can fully happen within SN, it would make sense if SN configured the behaviour, obtained the report from UE, and solved the problem. In our view this is the cleanest way to solve SN IDC problems. 

Furthermore, in EN-DC, since we agreed not to modify LTE, we would need an NR report (configured, reported to and solved) in the SN if we want to tackle the IDC problem for this scenario.

Observation 2: In EN-DC scenarios, SN must configure IDC separately to solve IDC issues in SN, since it was agreed not to modify LTE.

Furthermore, for reporting configuration, no coordination is needed. We can follow legacy procedures for other UAI e.g., for power savings or overheating. reports are configured separately, reported separately. 

Observation 3: Legacy procedures for UAI reporting in power saving and overheating are configured separately for SN.

Proposal 2: SN can configure IDC for SN IDC issues, no coordination with MN is needed.

3.2 Reporting of IMD
For IMD issues between MN and SN, recall that the combinations of carriers in CA causing IMD can already be reported in legacy as follows:

	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.


For MR-DC, RAN2 can use affectedCarrierFreqCombList already available for CA carrier frequencies as a baseline for reporting MR-DC issues. It can then be discussed how to enhance this reporting to include higher granularity reports, if needed.

Observation 4: IMD issues in UL CA between carrier frequencies can already be reported using affectedCarrierFreqCombList IE in legacy.

Proposal 3: RAN2 to use affectedCarrierFreqCombList available for reporting IMD issues in UL CA as a baseline for MR-DC IDC reporting. FFS if any enhancements related to granularity are needed.
3.3 Internode Coordination (for FDM and TDM)
When solving an IMD issues between MN and SN, some coordination can be useful to ensure that both MN and SN do not “overcorrect” for an IMD issue. Although this would be an optimization, it can be added to ensure a smooth operation for MR-DC deployments. In this case two pieces of information can be shared between MN and SN.
Observation 5: IDC reporting between MN and SN can be shared via Xn especially in IMD case. 

Observation 6: MR-DC resource coordination information can be enhanced to coordinate FDM and TDM solutions between MN and SN. 

Since this would be RAN3 domain, it is proposed that RAN2 sends an LS to RAN3 informing them of RAN2 agreements and enquiring about the possibility of coordinating FDM and/or TDM IDC solutions. 

Proposal 4: RAN2 to send an LS to RAN3 summarizing IDC agreements and enquiring if IDC reports can be shared and FDM/TDM solutions coordinated between MN and SN. 

Conclusions

Observation 1: Having the gNB configure center frequency and candidate bandwidth for granular reporting is not needed as it entails a complicated RRC configuration with no tangible gain, furthermore the UE capability and IDC interpretation at the UE would introduce ambiguity in the result.

Proposal 1: gNB configuration can configure reporting for the carrier freq using Rel-16 candidateServingFreqListNR and add the granularity requirement if needed. UE would then send granular reports based on its capability and IDC experienced. 

Observation 2: In EN-DC scenarios, SN must configure IDC separately to solve IDC issues in SN, since it was agreed not to modify LTE.

Observation 3: Legacy procedures for UAI reporting in power saving and overheating are configured separately for SN.

Proposal 2: SN can configure IDC for SN IDC issues, no coordination with MN is needed.

Observation 4: IMD issues in UL CA between carrier frequencies can already be reported using affectedCarrierFreqCombList IE in legacy.

Proposal 3: RAN2 to use affectedCarrierFreqCombList available for reporting IMD issues in UL CA as a baseline for MR-DC IDC reporting. FFS if any enhancements related to granularity are needed.
Observation 5: IDC reporting between MN and SN can be shared via Xn especially in IMD case. 

Observation 6: MR-DC resource coordination information can be enhanced to coordinate FDM and TDM solutions between MN and SN. 

Proposal 4: RAN2 to send an LS to RAN3 summarizing IDC agreements and enquiring if IDC reports can be shared and FDM/TDM solutions coordinated between MN and SN. 
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[4] [Post120][652][IDC] Further details of FDM solution (Huawei)
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.









