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1. Introduction
As described in the R18 IDC WID [1], one objective is to do FDM enhancement with more granular indication.
	· Enhancements to FDM solution, to allow more granular indication of affected frequencies (e.g. granularity of BWP or PRB level). (RAN2)


In this paper, we share our preliminary views on the FDM enhancement.
2. Discussion
In this chapter, we’ll give a short description on the legacy scheme first, then analyze the FDM enhancement for the serving frequency and non-serving frequency respectively, at last we discuss whether interference sensitivity level is needed with more granular indication.
2.1 Legacy FDM scheme
In the legacy scheme, for the IDC reporting, the network would indicate a list of “center frequency”, e.g.
For NR, the network would indicate a candidateServingFreqList with ARFCN value.
	IDC-AssistanceConfig-r16 ::=           SEQUENCE {
	candidateServingFreqListNR-r16	     CandidateServingFreqListNR-r16  OPTIONAL, -- Need M    ...}
CandidateServingFreqListNR-r16 ::= SEQUENCE (SIZE (1..maxFreqIDC-r16)) OF ARFCN-ValueNR


While for EUTRA, the UE would take the frequencies for which a measurement object is configured into consideration.
Observation 1: In the legacy scheme, the IDC interference would be reported for both the serving frequency and non-serving frequency.
Then the UE would report the affected frequencies to the network with 2 different types of IDC interference:
· IDC interference from or to 3GPP single carrier (together with interference direction);
· IDC interference caused by 3GPP UL CA or DC to the ISM/GNSS (together with victim type).
Observation 2: In the legacy scheme, there are 2 different types of IDC interference:
· IDC interference from or to 3GPP single carrier (together with interference direction);
· IDC interference caused by 3GPP UL CA or DC to the ISM/GNSS (together with victim type).
At network side, the network would determine how to move the 3GPP signal away from the ISM/GNSS band based on the UE reported center frequencies together with the interference direction or the victim type. The network may perform inter-frequency handover, removing SCells from the set of serving cells or de-activation of affected SCells, or in case of uplink CA operations, allocate uplink PRB resources on CC(s) whose inter-modulation distortion and harmonics does not fall into the frequency range of the victim system receiver.
Observation 3: As legacy FDM solution, when a frequency was affected by IDC interference, normally the network would handover the UE to the other cell especially for the single carrier case.
2.2 FDM Enhancement
Based on these 3 observations, we’ll discuss the BWP/PRB based FDM enhancement in the next sub-chapters. For that the BWP is only configured for the Serving cell, we would like to discuss this issue from the serving frequency and non-serving frequency aspect.
Proposal 1: Considering the BWP is only configured for serving cells, the FDM enhancement can be discussed for the serving frequency and non-serving frequency separately.
2.2.1 FDM Enhancement for the NR serving frequency
For the BWP-based reporting, the UE would report which BWPs are affected (or not affected) by the IDC interference. Then the network can further determine how to solve the IDC issues, e.g. switch the UE to another BWP or handover the UE to another cell and so on. 
For the PRB-based reporting, the UE would report which PRBs are affected (or not affected) by the IDC interference, then the network would determine the next action based on these information.
Obviously, the PRB-based reporting can provide more IDC interference information then the BWP-based at the cost of a little more signaling overhead. So RAN2 shall discuss whether there is a need to report PRBs for the serving frequency.
Observation 4: PRB-based reporting can provide more IDC interference information than the BWP-based, but it may need more signaling bits. 
For discussion convenience, we start from the single carrier case, then discuss the CA/DC scenario. For the single carrier case, it can be further divided into 2 scenarios:
· Scenario 1: Only part of configured BWPs are affected;
· Scenario 2: All of the configured BWPs are affected.
For the scenario 1, take the below Fig.1 as an example, we assume that the dedicated BWP1 was affected by the IDC interference.


Fig 1: IDC Interference for the Scenario 1
With the BWP-based reporting, the UE can indicate the affected BWP1 (or the BWP2 that is not affected) to the network, then the network can switch the UE from the BWP1 to the BWP2.
With the PRB-based reporting, the network would need to determine which BWP is still available based on the PRB info, which would also increase the network implementation complexity.
Observation 5: For the scenario 1 (Only part of configured BWPs are affected), the BWP based reporting is simple from both signaling and network processing perspective.
For the scenario 2, we can take the below Fig 2 as an example: we assume that both dedicated BWP1 and BWP2 are affected by the IDC interference. 


Fig 2: IDC Interference for the Scenario 2
With the BWP-based reporting, the UE would indicate both 2 dedicated BWPs, then the network would have to handover the UE to other cell with FDM solution.
With the PRB-based reporting, the UE would report the dedicated affected PRBs, then the network can solve the IDC issue by either BWP reconfiguration or handover. However, for the BWP reconfiguration method, the bandwidth of the reconfigured BWP would be restricted by the IDC interference, which means that it’s not easy for the network to reconfigure the BWPs.
Observation 6: For the scenario 2 (All of the configured BWPs are affected), even with dedicated PRBs reporting, it may be not easy for the network to reconfigure the BWPs.
The above discussion is for the single CC case, for the CA/DC case, it would be more complex. Here we take the CA as an example. We assume that there are 2 CCs, for each CC there are 2 BWPs. We further assume that the IDC interference cased by UL CA are as below:
1. Cell 1: UL BWP 1  + Cell 2: UL BWP 1---No IDC interference to non-3gpp RAT
2. Cell 1: UL BWP 1  + Cell 2: UL BWP2----Have IDC interference to non-3gpp RAT
3. Cell 1: UL BWP2  + Cell 2: UL BWP 1 ---Have IDC interference to non-3gpp RAT
4. Cell 1: UL BWP2  + Cell 2: UL BWP2 ---No IDC interference to non-3gpp RAT
With the BWP-based reporting, the UE can indicate the affected BWP combination (or the BWP combinations that are not affected) to the network, then the network can switch the UE to the available BWP combination.
With the PRB-based reporting, it may need to indicate different PRB ranges combination, then at the network side, it would need to determine which BWP combination are not affected by the reported PRB-based IDC interference information.
Observation 7: For the CA/DC case, it’s much complex to report PRB ranges combination from UE side. From the network side, it’s also much complex to derive the available BWP combinations based on the reported PRB information.
Another difference between the two schemes is that when the BWP configuration changes, the UE may need to report the BWP-level IDC interference again. However, such case can be seen as a corner case, because when the network reconfigures the BWP, the previous reported IDC information would also be taken into consideration to avoid the on-going or potential IDC interference. Thus, for the NR serving frequency, the BWP-based reporting seems more appropriate.
Proposal 2: For IDC interference that affect the NR serving frequency, take the BWP-based reporting as baseline, FFS on the PRB-based reporting.
As described before, if BWP-based IDC reporting is supported, the network may perform BWP switching/modification to solve the IDC interference problem, the general procedure can be seen as below:


Fig 3: IDC interference with BWP 
Proposal 3: For the BWP-based reporting, the network can perform BWP switching/modification to solve the IDC interference for some cases.
According to the legacy rule, both the on-going and the expected IDC interference shall be reported, so for the BWP based reporting, a configured BWP shall be considered.
Proposal 4: For the BWP-based reporting, all of the configured BWPs (instead of the active BWP) shall be considered.
Furthermore, there are two options for the BWP-based IDC reporting,
· Option 1: The configured BWP that affected by the IDC interference
· Option 2: The configured BWP that not affected by the IDC interference.
For the Option 1, the network has to determine the available BWP based on the reported information, while for the option 2, the network only need to select available BWP from the UE reported.
Proposal 5: If BWP-based IDC reporting was supported, RAN2 to discuss which option is preferred:
· Option 1: The configured BWP that affected by the IDC interference
· Option 2: The configured BWP that not affected by the IDC interference.
2.2.2 FDM Enhancement for the other frequency
Besides NR serving frequency, the UE can also report the IDC interference with EUTRA frequency and the NR non serving frequency. For these frequencies, no BWP are configured. So the FDM solution can only be enhanced from the PRB aspect. E.g. report the affected PRB (or the not affected PRB). For the NR non-serving frequency, if it was affected by the IDC interference, it would be reported with carrier info in the legacy signalling and the network would avoid to handover the UE to that carrier.
If the PRB level info is reported for the non-serving frequency, the network may select the cell on that non-serving frequency but to avoid allocating the PRBs that are affected by IDC interference. 
However, it’s for the non-serving frequency, so it may even not be used at network side especially for the case that the network can solve the existing IDC interference by BWP switching.
Proposal 6: RAN2 to discuss whether to consider FDM enhancement (e.g. PRB level reporting) for the non-serving frequency and also the EUTRA frequency.
Furthermore, as in the observation 2, there are 2 different IDC interference types:
· IDC interference from or to 3GPP single carrier (together with interference direction);
· IDC interference caused by 3GPP UL CA or DC to the ISM/GNSS (together with victim type).
For the type 1, if PRB level was supported, the UE would report the affected PRB ranges for the corresponding carrier. But for the type 2, it would mean that the UE needs to report PRB range combinations, which would be more complex. To reduce the complexity, the PRB-based reporting can be only support for the single carrier case.
Proposal 7: If FDM enhancement (PRB-based reporting) for the non-serving frequency is supported, only support PRB-based reporting for the single carrier.
2.3 Other 
During the legacy IDC discussion, the IDC interference sensitivity was also discussed and some simulation results were included in the Annex A.2 of 36.816 (e.g. Figure A.2.1‑4 in the 36.816 as below).
[image: WLAN in LTE 40]
Figure A.2.1‑4: Coexistence interference impact on LTE in B40 from WLAN
From these simulation results, we can see that for a carrier, the IDC interference sensitivity may be different for different frequency ranges. Now if more granular FDM info was reported, the UE can also indicate the interference sensitivity level. From the network side, if the UE can indicate the IDC interference sensitivity level for each BWP or PRB range, the network can make more precise resource control. 
Proposal 8: RAN2 to discuss whether to report the IDC interference sensitivity level for the PRB or BWP based reporting.
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Observation 1: In the legacy scheme, the IDC interference would be reported for both the serving frequency and non-serving frequency.
Observation 2: In the legacy scheme, there are 2 different types of IDC interference:
· IDC interference from or to 3GPP single carrier (together with interference direction);
· IDC interference caused by 3GPP UL CA or DC to the ISM/GNSS (together with victim type).
Observation 3: As legacy FDM solution, when a frequency was affected by IDC interference, normally the network would handover the UE to the other cell especially for the single carrier case.
Observation 4: PRB-based reporting can provide more IDC interference information than the BWP-based, but it may need more signaling bits.
Observation 5: For the scenario 1 (Only part of configured BWPs are affected), the BWP based reporting is simple from both signaling and network processing perspective.
Observation 6: For the scenario 2 (All of the configured BWPs are affected), even with dedicated PRBs reporting, it may be not easy for the network to reconfigure the BWPs.
Observation 7: For the CA/DC case, it’s much complex to report PRB ranges combination from UE side. From the network side, it’s also much complex to derive the available BWP combinations based on the reported PRB information.
Proposal 1: Considering the BWP is only configured for serving cells, the FDM enhancement can be discussed for the serving frequency and non-serving frequency separately.
Proposal 2: For IDC interference that affect the NR serving frequency, take the BWP-based reporting as baseline, FFS on the PRB-based reporting.
Proposal 3: For the BWP-based reporting, the network can perform BWP switching/modification to solve the IDC interference for some cases. 
Proposal 4: For the BWP-based reporting, all of the configured BWPs (instead of the active BWP) shall be considered.
Proposal 5: If BWP-based IDC reporting was supported, RAN2 to discuss which option is preferred:
· Option 1: The configured BWP that affected by the IDC interference
· Option 2: The configured BWP that not affected by the IDC interference.
Proposal 6: RAN2 to discuss whether to consider FDM enhancement (e.g. PRB level reporting) for the non-serving frequency and also the EUTRA frequency.
Proposal 7: If FDM enhancement (PRB-based reporting) for the non-serving frequency is supported, only support PRB-based reporting for the single carrier.
Proposal 8: RAN2 to discuss whether to report the IDC interference sensitivity level for the PRB or BWP based reporting.
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