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1 Introduction

Until the last Barcelona meeting, following subjects have been discussed and described in ICO (In-device COexistance interference avoidance) subsection in TR36.816 draft [1]:

· General ICO description

· Definition of FDM and TDM ICO scheme
· Several solution for FDM ICO scheme
· Several soultion for TDM ICO scheme
· PC ICO scheme

· Analysis about each ICO scheme and assessment of feasibility
Until now, it is serperately focused on how to apply each interference avoidance scheme to IDC (In-Device Coexistence) problem occurrence. There has been a consensus that FDM ICO is mandatory to solve interference issue for in-device coexistence. And, as for TDM ICO, it is determined at the last Barcelona meeting to assess more the feasibility. In this paper, supposing that all ICO schemes would be accepted, cooperation among each ICO scheme will be presented. That is, we would suggest several possible operation scenarios related to FDM ICO, TDM ICO, PC ICO, handover operation in ICO, and radio link failure in ICO.
2 Activation/Deactivation of ICO 
Scenario 1: From normal operation to ICO operation

When an endurable IDC interference occurs on the serving cell, a UE would deliver an assistant information for ICO to an eNB and eNB would confirm ICO operation to UE (i.e. LTE network-controlled UE-assisted ICO solutions [1]). The structure of an assistant information will be FFS in WI stage. For example, FDM, TDM, and PC ICO assistant inforamtion could be delivered to eNB altogether at the same time, or either one of FDM, TDM, and PC ICO assistant information could be selected and delivered to eNB according to UE’s decision.

Also, a UE could autonomously deny LTE UL grant or ISM transmission for ICO (i.e. UE autonomous ICO solutions [1]). The feasibility of this solution is on-going [11]
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[12].

Scenario 2: From ICO operation to normal operation (Resolved IDC problem)

Due to some reasons, e.g. ISM in-device off, WLAN band change, or so on, IDC interference problem could be resolved [7]. In those situations, an assistant information indicating IDC configuration change could be delivered to eNB and ICO operation would be stopped.

Observation 1:ICO could be activated by unendurable IDC interference and also deactivated by resolved IDC problem.
3 Transition of FDM and TDM ICO
Operation scenarios of FDM and TDM ICO [4]-[7] are introduced as follows.
Scenario 3: From FDM ICO to TDM ICO
During FDM ICO operation, if radio link problem or overloading problem happens, then the corresponding avoided frequency band should be changed to another available frequency band. However, if another available frequency band belongs to not-useable frequency (i.e. the frequency band suffers from in-device coexistence interference), then applying TDM ICO would be required.
Scenario 4: From TDM ICO to FDM ICO
During TDM ICO operation, either one or both of LTE and ISM traffic might increase and then there would be no TDM pattern which could cover this IDC interference,then in-device interference would not sufficiently be diminished and there would be no room in scheduler to restrict resource allocation. In that case, UE could retry FDM ICO because an availableuseable frequency band could occurdue to several configuration changes. For example, load balancing function would enable the availability of a usable frequency band, or the channel quality of a usable frequency band is increased and it is enough to have no radio link problem.
Scenario 5: TDM ICO with a different pattern during TDM ICO operation
During TDM ICO operation, either one or both of LTE and ISM traffic might increase and then there would be another TDM pattern which could cover this IDC interference configuration, which means that in-device inteference would sufficiently be diminished and there would be a more room in scheduler to restrict resource allocation, , e.g. DRX pattern reconfiguration [13]
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[14]. In that case, UE could request ‘a denser (or sparser) TDM ICO pattern to eNB. ‘A denser (or sparser) TDM ICO pattern’ means ‘having more (or less) blank transmission in time manner’.
Observation 2: If RAN2 decide to discuss TDM ICO in WI, there would be several scenarios for the change of the ICO operation between FDM ICO and TDM ICO.
4 Operation scenario of PC ICO

The usefulness and necessity of PC ICO does not yet have a consensus [2]
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[3]. However, PC ICO is a simple way in which there is no critical change of Rel-10 power control algrorithm, esp. P-MPR concept related to power management. PC ICO could be applied to any scenario. In other words, PC ICO could be applied before running other ICO scheme (FDM ICO or TDM ICO) or during.
Observation 3: PC ICO could be applied to any scenario.
5 Handover issues
ICO scenarios considering handover procedure are introduced as follows.
<The target frequency band>
Scenario 6: Handover to target frequecny band which don’t suffer from IDC inteference
During FDM ICO operation, if Pcell suffers IDC interference, UE would take an inter-frequency handover. Too late handover decision would cause radio link failure [8] and too early handover decision or the change of IDC interference would cause handover ping-pong [8]
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[9][15]
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[16].
Scenario 7: Handover to target frequency band which suffer from IDC interference
When a usable frequency band is not available (i.e. frequency band without IDC interference problem) or not-useable frequency band need to be used due to serveral reasons (e.g. the range of service-enable frequency, bandradio link problem, or network load balancing), UE could not help moving to frequency band with IDC interference. In this situation, handover failure could occur during hadover procedure in the not-useable frequency band [8].
Another case of an IDC inteference could occur during handover procedure. A frequency band could be useable frequency band at the time that handover procedure was initiated (i.e. not on-going endurable IDC inteference) but suddenly IDC interference could occur in the source cell or the target cell due to potential IDC interference [1][8].
Observation 4: Depending on the IDC condition of target frequency, there might be different scenarios for handover discussion.
<ICO operation scenario during handover procedure>
Scenario 8: No on-going IDC interference occurs during handover

For LTE handover, the target cell of handover could be in the frequency band with or without IDC interference problem. However, in case of the frequency band with interference, there should be no on-going IDC interference. That is, the corresponding frequency band suffer potential IDC interference but not on-going IDC interference during handover. If IDC interferernce problem does not exist, there is no problem during handover. However, If IDC interfernce problem exist (esp. potential IDC interference), ping-pong handover might occur [15]
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[16].
Scenario 9: On-going IDC interference occurs during handover
For LTE handover, the target cell of handover could be in the frequency band with IDC interference problem. In this scenario, the corresponding IDC interference would be on-going or potential IDC interference [1] but during handover, LTE receiver would suffer from the endurable interference by ISM transmitter or vice versa. In order to prevent handover failure, an avoidance scheme, e.g. ISM transmission holding, TDM ICO, or so on, might be required [8]
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[9].
Observation 5: IDC interference during handover would impact on the stability and success of handover.
6 Radio Link Failure

If IDC interference affect a radio link monitoring, RLF due to IDC interference would occur. And this RLF would be different from the RLF caused by the deterioration of LTE radio link quality (e.g. coverage hole) without IDC interference. RLF due to IDC interference could occur temporarily although LTE radio link quality without IDC interference is good enough. In this situation, wrong RLF report would induce mishandling MRO (Mobility Robustness Optimization) function in network side [10].
Observation 6: RLF due to IDC interference problem needs to be considered comparing to RLF caused by the deterioration of LTE radio link problem.
7 Conclusion

Observation 1: ICO could be activated by unendurable IDC interference and also deactivated by resolved IDC problem. (Scenario 1, 2)
Observation 2: If RAN2 decide to discuss TDM ICO in WI, there would be several scenarios for the change of the ICO operation between FDM ICO and TDM ICO. (Scenario 3, 4, 5)
Observation 3: PC ICO could be applied to any scenario.

Observation 4: Depending on target frequency IDC condition, there might be different scenarios for handover discussion. (Scenario 6, 7)
Observation 5: IDC interference during handover would impact on the stability and success or handover. (Scenario 8, 9)
Observation 6: RLF due to IDC interference problem needs to be considered comparing to RLF caused by the deterioration of LTE radio link problem.
Proposal: RAN2 should determine operation scenarios for ICO with serveral avoidance schemes. And , in WI stage, we would do detailed signaling on the base of determined operation scenarios.
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