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1 Introduction

According to the agreement achieved during RAN2#77, an unusable frequency is an LTE frequency where the ongoing In-Device Coexistence (IDC) interference problem between the LTE radio and the ISM radio exists within the same UE but cannot be solved by the UE itself. In order to report unusable frequency information to eNB, UE need to evaluate whether the IDC interference problem between the LTE radio and ISM radio is able to be resolved by UE itself or not. This contribution will further investigate the potential issues and discuss the reasonable direction.
2 Discussion on Unusable Frequency Reporting
2.1 When should UE report unusable frequency to eNB?
It is obvious that UE does not need to report unusable frequency to eNB before the trigger of IDC problem indication. Therefore, there are two alternatives for the unusable frequency report timing:
1) Report of unusable frequency along with IDC problem indication

2) Report of unusable frequency after IDC problem indication

Because UE is expected to trigger IDC problem indication only base on ongoing interference, while the definition of unusable frequency is conditioned to UE unable to resolve the IDC problem by itself. Alternative 1 should be more preferable because it allows UE report the unusable frequency which is suffering IDC problem to eNB at the first time instance, this would be helpful to allow eNB to handover UE away as soon as possible. If UE report the unusable frequency to eNB after indicating IDC problem, it may suffer the risk that UE cannot correctly decode PDCCH and obtain the UL grant information due to IDC interference problem and result in the difficulty to report the unusable frequency information to eNB. Therefore, UE should report the unusable frequency information to eNB along with IDC problem indication.
Proposal 1 Unusable frequency information should be reported to eNB along with IDC indication
In addition, it does not make sense for UE to indicate the IDC problem to eNB if the serving frequency is still usable.
Proposal 2 The serving frequency should be identified as unusable when UE indicate IDC problem to eNB
2.2 Correlation between measurement report and unusable frequency report
2.2.1 If unusable frequency report and measurement report are uncorrelated
The measurement report (e.g. RSRQ) is an important consideration for eNB to decide the handover target for each UE. If the unusable frequency report is uncorrelated with the measurement report, eNB will need to further obtain the measurement report after unusable frequency report in order to decide the handover target. But this may result in the confusion on which information is included in unusable frequency report and how does it decided (e.g. some prior information base on ISM filter performance and WiFi Tx channel location)?. If the information carried by unusable frequency report is unclear or it is irrelevant with whether a frequency is indeed unusable or not, the unusable frequency report may become useless. This will result in unnecessary IDC signalling and longer delay time since UE indicate IDC problem until eNB execute FDM solution due to additional measurement configured by eNB. On the other hand, UE may not be able to correctly receive measurement configuration message or even PDCCH after indicating IDC problem due to IDC interference problem.
Observation 1 The usefulness of unusable frequency report may require further clarification if it is uncorrelated with the measurement report
2.2.2 If unusable frequency report and measurement report are correlated
If the unusable frequency report is correlated with the measurement report, the report of unusable frequency can represent whether a frequency is indeed unusable or not (i.e. not only consider IDC interference strength but also consider LTE signal quality). eNB will not need to request UE perform measurement again and will be able to activate FDM solution as soon as possible. This will be helpful to allow UE get away from IDC problem as early as possible.

How UE correlate unusable frequency report with measurement report could be left to UE implementation without specification impact, eNB could trust UE as the way to trust IDC trigger by UE.

Observation 2 eNB could make handover decision base on unusable frequency report if it is correlated with measurement report
According to the above observations, the following proposal is concluded.
Proposal 3 Unusable frequency report is correlated with the measurement report and left to UE implementation. eNB could trust UE reporting for handover decision, whether additional RRM measurement is required or not is left to eNB implementation.
3 Conclusion

According to the analysis in this paper, RAN2 is requested to consider the following proposals: 

Proposal 1 Unusable frequency information should be reported to eNB along with IDC indication
Proposal 2 The serving frequency should be identified as unusable when UE indicate IDC problem to eNB
Proposal 3 Unusable frequency report is correlated with the measurement report and left to UE implementation. eNB could trust UE reporting for handover decision, whether additional RRM measurement is required or not is left to eNB implementation.
Base on the analysis, the following observations are also concluded:
Observation 1 The usefulness of unusable frequency report may require further clarification if it is uncorrelated with the measurement report
Observation 2 eNB could make handover decision base on unusable frequency report if it is correlated with measurement report
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