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1      Introduction
In the previous meetings, RAN2 has focused on the IDC issue for EN-DC feature and the IDC impact for NR SA was not discussed. This paper discusses the stage-2 details of IDC for NR SA.

2      Current proposals on addressing the IDC issue
Even though the problems the UE faces from interference due to co-existence of other technologies have become more complex due to evolving technologies of the ‘other’ technologies, as well as NR, the basic means of resolving the IDC problems that are employed from LTE and EN-DC are still valid and applicable.

Also any introduction of newer methods to solve the IDC problems would likely imply more complexity at the gNB scheduler. In light of this, we would like to start with listing the current methods used in LTE and EN-DC and evaluate if any additions/modifications are needed for this, before evaluating newer methods.

The IDC problems are handled primarily with the below methods (after the UE has tried to solve the IDC problems internally by itself and decided that eNB help is needed):
· Frequency Domain Multiplexing Solution (FDM) – where the eNB can try to release or relocate the problematic frequencies of the UE which are either getting affected by other technologies or aggressing on other technologies. The UE provides the list of frequencies (sometimes it’s the combination of frequencies: UL CA) that causes the IDC problems, and since it’s the NW that is in-charge of configuring the frequencies, the UE requests the eNB to release and relocate these frequencies.

· In case the FDM solution is not efficient, or further solutions are needed, then Time Domain Multiplexing Solution (TDM) is employed – where the UE can provide a DRX and HARQ pattern (where possible) with the intention that during the DRX off times, the UE can use the other technologies without interfering with (or getting interfered by) LTE. For the HARQ pattern, if the UE can identify the HARQ process(es) that if the eNB cannot use for UL scheduling, the Tx gaps created by this can be used by the UE to solve IDC issues. This is helpful in LTE TDD NWs where the UL HARQ process is configured as synchronous (non eLAA and non FeLAA UL). 
· In addition to the above, the UE also has the option to ‘skip’ using the LTE UL transmission opportunities in extreme cases where the IDC cannot be avoided by the LTE Tx. Since this affects the overall system performance, the intention is to use this only if the rest of the methods fail, and the UE usage of this option is also limited by the NW configuration.  

Most of the above means are directly applicable to NR as the other technologies and their requirements do not change due to NR (the frequency ranges may differ, but the FDM solution of relocating/releasing is still the same means, and in TDM case, the muting of NR instead of LTE should not result in any different operation of the other technologies). 

In addition, the time granularity of NR is finer than LTE (in terms of slots, symbols, subframes) but can still use the DRX signaling framework to come to an understanding with the gNB on the DRX ON/OFF times that the UE can use. Further, due to increase flexibility of gNB scheduler in NR for both UL scheduling of grants and DL allocations, the DRX method does not additional burden in feasibility for NR. 
Proposal 1: RAN2 to agree that LTE FDM solution as also applicable to NR IDC, where the UE can report the set of problematic NR-ARFCNs to the gNB and gNB has to same options as LTE to start with: release or relocate these problematic NR-ARFCNs. Details are FFS.

Proposal 2: RAN2 to agree that LTE TDM solution of the UE providing DRX ON and OFF durations with the starting times, is also applicable to NR IDC. Details are FFS.

Proposal 3: RAN2 to agree that for NR IDC, the TDM DRX signaling values and ranges from LTE are also considered as the starting values and ranges in NR IDC. Details on additions/removal of some of the values are FFS.

The exceptions we see are with the HARQ framework and the UE autonomous denial. Regarding the UE autonomous denial, this can be assumed to be the ‘last resort’ that the UE has to take in case the IDC problems are severe, and we think not allowing this to the UE would be impractical in NR ( this could be the action the UE takes in implementations in the first place to solve IDC problems internally). We think however per specification such autonomous denials should be still controlled to avoid system inefficiencies, similar to LTE.

For the HARQ pattern to work, the UE needs to know the UL scheduling pattern of the NW for the HARQ processes (the HARQ feedback for the UL transmissions etc.. for the UE to know of the time domain patterns in which the UL HARQ specific Rx/Tx happens). In NR this is upto the gNB scheduler implementation. So for NR IDC the HARQ pattern TDM solution is not applicable.
Proposal 4: RAN2 to agree that HARQ pattern style of LTE TDM solution provided by the UE, is not applicable to NR IDC. 
Proposal 5: RAN2 to agree that UE autonomous denial option is applicable to NR IDC and similar to LTE, the amount of denials can be controlled by the NW. Details are FFS. 
Finally, we have the LTE IDC defined phases as shown in the below figure. Even though the details of measurements, as well as the physical resources and the procedures for measuring in NR are different from LTE, the timeline definition where the UE experiences the IDC problems, the initiation of the IDC problem reporting as well as the gNB provision of the solution, and the corresponding application of RRM/RLM requirements using these timelines, do not change due to NR.
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Figure 1: LTE IDC RLM/RRM Phases
Proposal 6: RAN2 to agree that the LTE IDC phases defined for RRM/RLM requirements are also applied to NR IDC. The details of the exact RRM/RLM requirements during the phases is FFS. 
3      NR IDC and NR Temporary Capability Restriction
During NR SI phase, the following has been agreed and captured in TR. However, there was no further discussion during WI yet because this feature is considered as NR SA feature. 
	5.5.6
UE capability retrieval framework

The UE reports its UE radio access capabilities which are static at least when the network requests. The gNB can request what capabilities for the UE to report (e.g. similar band and band combination requests in LTE). The change of UE capabilities is just to, temporarily (e.g. under network control), limit the availability of some capabilities, e.g. due to hardware sharing, interference or overheating. The temporary capability restrict should be transparent to the NextGen Core. Namely, only static capability is stored in the NextGen Core. The UE signals the temporary capability restriction request to the gNB.

NOTE:
It is FFS to which capabilities the restriction may apply and how the limitation is expressed to the gNB. The details are to be finalized in Stage-3.


Should the NR temporary capability restriction framework be used for NR IDC as well?

It would seem logical to add IDC to this NR temporary capability restriction framework. However, based on the discussion in Section 2 and NR capability signaling defined so far, it appears that the required information for IDC may be different from UE capability itself. For example, in IDC FDM solution, certain frequency carriers are restricted, while UE capability signaling is per band information for the supported frequency. In addition, TDM pattern information is not part of UE capability to be considered for the capability restriction.feature. And for NR IDC, based on our earlier agreement ( if agreed), there are specific phases ( phase 1, phase 2 and phase 3) defined during which the UE actions are stated. 
Although we may use the same procedure as NR temporary capability restriction, additional information should be defined for IDC purpose. 

Observation 1: NR IDC and NR temporary capability restriction procedures require different information.

Proposal 7: RAN2 to discuss and agree on whether temporary capability restriction should include additional information to support IDC.

4      Conclusion
Proposal 1: RAN2 to agree that LTE FDM solution as also applicable to NR IDC, where the UE can report the set of problematic NR-ARFCNs to the gNB and gNB has to same options as LTE to start with: release or relocate these problematic NR-ARFCNs. Details are FFS.

Proposal 2: RAN2 to agree that LTE TDM solution of the UE providing DRX ON and OFF durations with the starting times, is also applicable to NR IDC. Details are FFS.

Proposal 3: RAN2 to agree that for NR IDC, the TDM DRX signaling values and ranges from LTE are also considered as the starting values and ranges in NR IDC. Details on additions/removal of some of the values are FFS.

Proposal 4: RAN2 to agree that HARQ pattern style of LTE TDM solution provided by the UE, is not applicable to NR IDC. 
Proposal 5: RAN2 to agree that UE autonomous denial option is applicable to NR IDC and similar to LTE, the amount of denials can be controlled by the NW. Details are FFS. 
Proposal 6: RAN2 to agree that the LTE IDC phases defined for RRM/RLM requirements are also applied to NR IDC. The details of the exact RRM/RLM requirements during the phases is FFS. 
Observation 1: NR IDC and NR temporary capability restriction procedures require different information.

Proposal 7: RAN2 to discuss and agree on whether temporary capability restriction should include additional information to support IDC.
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