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

In RAN2 119e, the following agreements were reached [2]:
	Agreements:

1 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.

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

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

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

FFS, on signalling details;
Agreements:

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

2 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.
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


An offline email discussion took place [3] with the following proposals:
	Proposal 1: The Rel-18 IDC solution should allow for more granular IDC indications both on serving and on non-serving frequencies. 
Proposal 2: Only one single new finer granularity report is introduced, that applies for both serving and non-serving frequencies. 
Proposal 3: For LTE, problematic frequencies are indicated by indicating measurement object IDs 
Proposal 4: RAN2 down select one of solution 1, 2 or 2a.


2 FDM Solution options
In the email discussion [3], there was an attempt to downscope between the following solutions:

· Option 1: Central frequency + Bandwidth of the actual affected frequency range 

· Option 2: Starting frequency + Ending frequency of the actual affected frequency range 

· Option 2a: starting frequency + Bandwidth of the actual affected frequency range 

· Option 3: BWP-based reporting using BWP ID 

· Option 4: BWP-based reporting using BWP ID + PRB index 

· Option 5: Measurement object ID [5] (1/14 – For LTE frequency only).
· Option 6: Resource Block Group (RBG) based reporting 

In this contribution, we provide further opinions on the suggested FDM solutions. 
3 Single Granularity vs Multiple Granularities for serving cell
There have been discussions in [3] when downscoping between options, on whether RAN2 should introduce a single new granularity vs multiple additional granularities, with two opinions:
1. Only the single finest granularity should be supported. In this case Option 1/Option 2/Option 2a are all basically equivalent ways of representing this single fine granularity.
2. Both finest (option 1/option 2/option 2a) and coarser granularity (option 3) should be supported. 
Observation 1: It is agreeable among companies to support the granular frequency range reporting metric, but there are still questions on whether coarser BWP reporting is additionally needed.
From a signalling point of view, supporting the finer granularity means that for the network to get any IDC feedback, it must withstand the following:

· Extensive signalling to indicate ARFCN central frequency or bandwidth
· Extensive reporting from the UE for slight IDC variations

To expand a little on this idea, there are two options for granular frequency reporting common for option 1/option 2/option 2a:
Proposal 1: For Granular frequency IDC reporting (i.e., PRB level), RAN2 to discuss which of those two reporting mechanisms are supported:

· Option 1: NW configures the UE to report IDC with high frequency granularity to the carrier. It is then up to the UE to find the correct central frequency and bandwidth to report them to gNB.

· Option 2: NW configures the central frequency and bandwidth for reporting, the UE indicates via a flag whether an IDC problem is found in this range.
Now moving forward with these two possibilities, option 1 suffers from the possibility of very frequent UE reporting. Consider band N50 which suffers adjacent channel interference from WLAN, BT, and other non-3GPP  systems. Those systems’ adjacent frequency patterns are possibly highly time varying due to frequency hopping or any frequency selection mechanism. This means that the UE may keep detecting and sending IDC reports extensively every time small IDC frequency variation is detected. 

On the other hand, option 2 requires the gNB to blindly test a frequency BW (not unlike a BWP), and the detailed configuration of frequency values and reporting of ARFCN frequency values causes a large signalling load to exchange simple information that may much simpler be exchanged via BWP ID.

Observation 1: Granular frequency indication suffers from high signalling load and/or the risk of extensive UE reporting. Furthermore, to save signalling, the NW will likely configure a large BW for reporting, i.e., end up mimicking the behavior of BWP reporting with higher signalling load.  
Thus, in practice, the higher granularity would not be too different from reporting BWPs. 

In case of BWP, the UE and NW get to save overhead on the configuration and reporting (by exchanging a simple BWP ID). Furthermore, the NW corrective action is a simple since DCI can be used to change the BWP.

Observation 2: BWP reporting not only saves signalling in NW configuration and reporting, but also saves signalling on the NW corrective action since changing a BWP can be done via L1 signalling. 
For the reasons of flexibility and low signalling overhead, it is our preference that both BWP and granular frequency indications are supported in Rel-18 IDC. The exact granularity can be configured by the NW based on the reporting needs. 

Proposal 2: RAN2 supports both granular frequency indication (one of Option 1/2/2a) and BWP (Option 3) IDC reporting in Rel-18.
4 Non-Serving Cell 
Aside for reporting IDC issues for the serving cell, there was also a discussion on reporting on the non-serving cell with the following proposal the email discussion [3]:

	Proposal 1: The Rel-18 IDC solution should allow for more granular IDC indications both on serving and on non-serving frequencies. 
Proposal 2: Only one single new finer granularity report is introduced, that applies for both serving and non-serving frequencies. 


It is unclear how exactly the granular reporting for non-serving cell would work. As discussed in Observation 2, it is unclear how the NW can choose a certain frequency BW to monitor for IDC issues. From NW, point of view it must ask the UE to just report on the whole carrier BW but with higher granularity, which as discussed in the preceding section, can make the UE reports very intensive. 

Observation 3: Unclear how the granular frequency indication (option 1/2/2a) applies to the non-serving cell without risking extensive UE IDC reports with very high overhead. 

For this reason, we think reporting on non-serving cell with higher granularity does not have a lot of use cases compared to legacy carrier-based reporting when accounting for overhead compared to the value of information provided.

Observation 4: Granular frequency reporting of non-serving cell have limited utility to justify the expected high overhead. 

Proposal 3: Enhanced higher granularity IDC reporting on non-serving cell is deprioritized.
5 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. We have the following agreements in [2]:
	1 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.

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


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.

Obsrvation 5: IMD issues in UL CA between carrier frequencies can already be reported using affectedCarrierFreqCombList IE in legacy.

Proposal 4: 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.
Conclusions

Observation 1: It is agreeable among companies to support the granular frequency range reporting metric, but there are still questions on whether coarser BWP reporting is additionally needed.
Proposal 1: For Granular frequency IDC reporting (i.e., PRB level), RAN2 to discuss which of those two reporting mechanisms are supported:

· Option 1: NW configures the UE to report IDC with high frequency granularity to the carrier. It is then up to the UE to find the correct central frequency and bandwidth to report them to gNB.

· Option 2: NW configures the central frequency and bandwidth for reporting, the UE indicates via a flag whether an IDC problem is found in this range.
Observation 1: Granular frequency indication suffers from high signalling load and/or the risk of extensive UE reporting. Furthermore, to save signalling, the NW will likely configure a large BW for reporting, i.e., end up mimicking the behavior of BWP reporting with higher signalling load.  
Observation 2: BWP reporting not only saves signalling in NW configuration and reporting, but also saves signalling on the NW corrective action since changing a BWP can be done via L1 signalling. 
Proposal 2: RAN2 supports both granular frequency indication (one of Option 1/2/2a) and BWP (Option 3) IDC reporting in Rel-18.

Observation 3: Unclear how the granular frequency indication (option 1/2/2a) applies to the non-serving cell without risking extensive UE IDC reports with very high overhead. 

Observation 4: Granular frequency reporting of non-serving cell have limited utility to justify the expected high overhead. 

Proposal 3: Enhanced higher granularity IDC reporting on non-serving cell is deprioritized.
Obsrvation 5: IMD issues in UL CA between carrier frequencies can already be reported using affectedCarrierFreqCombList IE in legacy.

Proposal 4: 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.
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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.









