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According to the LS from RAN4 on the IDC issue for EN-DC [3], RAN4 confirms that “IDC problems not only for other systems already identified in LTE CA but also for mmWave ISM bands are expected with EN-DC. According to the analysis given in the [12], the NR system brings more challenges on the solutions to resolve the IDC issues. In this contribution, we provide some of our considerations on designing a more flexible IDC solution frame work in NR.
Discussion
1.1. Potential IDC issue(s) in NR


Figure 1: Coexistence interference within the UE
According to the figures given above, the UE internal interference could be caused by different RAT or the same RAT. However according to the LTE IDC solutions given in 36.331 [4], the IDC solutions are only used to cope with the interference between LTE and non-3GPP RAT (e.g. WiFi). To allow a more generic solution frame work, we consider that the IDC solution (e.g. the RRC signaling for the IDC assistance information reporting) should be able to deal with all types of co-existence issue within the UE.
The potential IDC issues between 3GPP RAT and non-3GPP RAT are listed as follows:
· Issue 1: Adjacent frequency interference from 3GPP UL frequency (e.g. NR) to non-3GPP frequency (e.g. WiFi)
· Issue 2: Adjacent frequency interference from non-3GPP frequency (e.g. NR) to 3GPP DL frequency (e.g. WiFi)
· Issue 3: harmonic wave interference from 3GPP UL band combination (e.g. NR UL band combination) to non-3GPP frequency (eg.. WiFi)
· Issue 4: Hardware sharing problem (e.g. between NR and WiFi)
The potential IDC issues between different 3GPP RATs are listed as follows:
· Issue 5: harmonic wave interference from one 3GPP UL band combination (e.g. LTE UL band combination) to another 3GPP frequency (e.g. NR)
· Issue 6: Hardware sharing problem (e.g. between LTE and NR)
Regarding Issue 5, the issue has already been observed by the study of the NR work item. However it is still difficult to identify the difficult channels. From our understanding, the co-existence issue of the harmonic wave depends on the UE implementation, and can be reported by the IDC reporting. Furthermore, the dual registration UE could also face the harmonic wave interference. For example, the UL band combination of LTE could cause some interference to a DL frequency of a NR serving frequency. Regarding Issue 6, the LTE and the NR could share the same RF chains for some frequencies. Then these can also be reported by the UE via the IDC reporting for the dual registration UE.
Proposal 1: The NR IDC solution frame work (e.g. the RRC signaling for the IDC assistance information reporting and the autonomous deny) should be able to resolve the co-existence issues between 3GPP RAT (e.g. NR) and non-3GPP RAT (e.g. WiFi) and between different 3GPP RAT(s) (e.g. between LTE and NR).
According to the NR DC design, we could have LTE and NR configured at the same time. Then the affected frequency could be either the NR frequency or the LTE frequency, and the affected band combination could be EN-DC/NR-DC band combination or NR SA band combination. As such, we consider that the affected 3GPP frequencies reported by the UE should include all types of 3GPP RATs in the NR IDC solution framework.
Proposal 2: The affected frequencies reported by the NR IDC reporting (e.g. the RRC signaling for the IDC assistance information reporting) should include the frequencies from different types of 3GPP RATs (e.g. LTE and NR).
Proposal 3: The affected band combination reported by the NR IDC reporting should include the band combinations of EN-DC, NE-DC and NR SA.
One specific issue related to the affected frequency reported by the UE is that due to the SUL frequency introduced, we cannot use a DL frequency to implicitly identify an affected UL frequency. As such the affected UL/DL frequency should be indicated separately.
Proposal 4: The affected frequencies reported by the NR IDC reporting should include separate frequency indications for UL frequency and DL frequency. 
Regarding the reported frequency indication in the IDC reporting, the LTE uses the measurement object. However one NR measurement object could include several frequencies. Then an explicit frequency indication could be needed for the NR IDC reporting. The details on the explicitly frequency indication can be studied further.
Proposal 5: The affected frequencies or band combination reported by the NR IDC reporting should include explicit frequency indication.
Due to the wide bandwidth of NR serving cell, the affected frequency range may not be the whole frequency range (i.e. bandwidth) configured by the network. As such the affected frequency range should also be reported by the UE. The signaling details on the affected frequency range can be studied further.
Proposal 6: The affected frequency range can be reported by the NR IDC reporting.
Regarding the TDM assistance information (i.e. desired DRX or subframe patterns) reported by the UE, the NR IDC reporting should be able to reflect different RAT designs. For example, the preferred DRX/subframe pattern in NR and LTE could be different. And due to the different time unit used in different RAT (e.g. LTE using subframe and NR using slot), the signaling design for the NR IDC reporting should be more flexible to adapt to different RAT. The details on the TDM assistance information can be studied further.
Proposal 7: The desired DRX or subframe/slot pattern reported by the NR IDC reporting should be able to reflect the interference in different 3GPP RATs (e.g. LTE and NR).
Regarding the UL autonomous deny configuration, as NR and LTE are using different designs for the UL/DL configurations and the interference for NB and LTE could be different, we consider that the NR gNB and the LTE eNB should be able to configure the UL autonomous deny parameters separately. Some examples of the NR UL autonomous deny parameters can be found in [7].
Proposal 8: The NR gNB and the LTE eNB should be able to configure the UL autonomous deny parameters separately.
Due to the NR MIMO design (especially for the high frequency), the NR UE could use different antenna panels for the DL reception and the UL transmission, the IDC interference for different antenna panels should also be studied.
Proposal 9: The NR IDC solution(s) should be able to deal with the different IDC interference(s) for different antenna panels of the UE.  

Conclusion
According to the analysis given above, we have the following Proposals:
Proposal 1: The NR IDC solution frame work (e.g. the RRC signaling for the IDC assistance information reporting and the autonomous deny) should be able to resolve the co-existence issues between 3GPP RAT (e.g. NR) and non-3GPP RAT (e.g. WiFi) and between different 3GPP RAT(s) (e.g. between LTE and NR).
Proposal 2: The affected frequencies reported by the NR IDC reporting (e.g. the RRC signaling for the IDC assistance information reporting) should include the frequencies from different types of 3GPP RATs (e.g. LTE and NR).
Proposal 3: The affected band combination reported by the NR IDC reporting should include the band combinations of EN-DC, NE-DC and NR SA.
Proposal 4: The affected frequencies reported by the NR IDC reporting should include separate frequency indications for UL frequency and DL frequency. 
Proposal 5: The affected frequencies or band combination reported by the NR IDC reporting should include explicit frequency indication.
Proposal 6: The affected frequency range can be reported by the NR IDC reporting.
Proposal 7: The desired DRX or subframe/slot pattern reported by the NR IDC reporting should be able to reflect the interference in different 3GPP RATs (e.g. LTE and NR).
Proposal 8: The NR gNB and the LTE eNB should be able to configure the UL autonomous deny parameters separately.
Proposal 9: The NR IDC solution(s) should be able to deal with the different IDC interference(s) for different antenna panels of the UE.  
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