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1. Introduction
One of the objectives of LAA study [1] is to capture any IDC aspects for devices supporting LAA with multiple other-technology radio modems. RAN2 needs to study and identify any protocol related enhancements to ensure that Wi-Fi related functionality is not impacted due to IDC aspects of LAA. This contribution highlights a few of these issues. 
2. IDC aspects of LAA 
In Rel-11, signalling mechanisms are defined for handling interference from radio transceivers within the UE operating on adjacent frequencies or sub-harmonic frequencies [2]. Any such interference issues arising due to LAA can be handled using the Rel-11 signalling frame work. However, LAA operates within the same band (and may even operate on the same frequency) as Wi-Fi, so depending on the HW capabilities and specifics of their designs, different LAA devices may or may not be able to perform simultaneous transmission and/or reception over LAA and Wi-Fi.  In contrast to the pure interference-based issues highlighted above, it is possible with LAA that contention over UE hardware resources will also exist, for example when some or all of the RF components in the 5GHz band are shared between LAA and Wi-Fi. One of the objectives of LAA is to study issues related to such UE architectures [1]. The difference between these two scenarios is highlighted in Figure 1 below. 
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Figure 1: comparison of IDC aspects between Rel-11 IDC scenario and LAA
One of the main differences between scenario a and scenario b as highlighted in Figure 1 above is that option b doesn’t create an interference signal from one technology to the other technology as the hardware will only be used by one technology at any given time. 
Observation 1: LAA may lead to hardware contention in case of some UE architectures and this situation is different from the Rel-11 IDC problem
In the above scenario, Rel-11 IDC frame work may still be used whereby, the UE, if it is configured and enabled for IDC, could report the hardware contention issue in LAA as an IDC issue. The UE may also indicate the problematic Wi-Fi carrier frequency to assist the network if an FDM solution is feasible (i.e. if the UE supports more than one RAT in 5GHz band with sufficient carrier separation). IDC signalling can be enhanced to distinguish between the Rel-11 adjacent channel IDC issue and the hardware contention issue resulting in case of LAA. The network could then resolve the issue by appropriate means. ATDM or autonomous denial solution may be more likely whilst an FDM solution may only be feasible in case of some UE architectures. However, if the network either doesn’t support or enable IDC signalling or if the provided solution is insufficient to sustain the Wi-Fi operation, then the issue still remains. 
In case of Rel-11, in the above scenario, if the interference is coming from Wi-Fi to LTE, the interference situation will cause the UE to report bad or out of range CQI and the LTE link may eventually be disconnected (e.g. due to RLF). In contrast, in case of hardware contention in LAA, such an interference situation will not occur. Hence, if the UE is scheduled on the LAA carrier using a pattern that is problematic to sustain the Wi-Fi operation, Wi-Fi operation will suffer and this impact will not be seen on the LAA CQI (neither will RLF occur because of the lack of interference from the other RAT). Eventually, there may be a scenario where the UE cannot operate on the victim Wi-Fi channels when LAA is operational whilst LTE eNB is oblivious to this situation as the LAA operation is unaffected. 
Observation 2: hardware contention issues may lead to scenarios where the Wi-Fi operation may be impacted whilst causing no interference to LAA operation
3. Proposed solutions for LAA hardware contention

The hardware contention issues highlighted in scenario b above are partly related to the UE capability. Thus, it is proposed that the UE indicates whether or not it can support simultaneous operation of LAA and Wi-Fi and if it supports simultaneous operation, the frequencies (or frequency separation) required for supporting simultaneous operation. 

Proposal 1: UE indicates its capability of simultaneous support for LAA and Wi-Fi and frequency separation necessary for supporting simultaneous operation
If the LAA hardware contention problem results in a situation where the UE cannot sustain the operation on the other radio access technology (either due to lack of IDC support or due to IDC solution being insufficient); then one option for the UE is to invoke autonomous denial independent of the IDC configuration. The autonomous denial could be to a degree that is sufficient to ensure that the RF hardware is available for sustaining the operation on the other RAT. A bad CQI may be generated and reported for those sub-frames that are autonomously denied as per the above operation. If the IDC problem is detected at the time of RRC Reconfiguration (i.e. when adding the problematic LAA frequencies as SCell); the UE may also be allowed to send an RRC Reconfiguration failure message. 
Proposal 2: UE is allowed to autonomously deny LAA subframes to sustain operation of other RATs (e.g. Wi-Fi) if the provided IDC solution is insufficient to sustain operation on the other RAT or if IDC is not configured
Proposal 3: UE may generate and report low LAA CQI for the subframes that are autonomously denied to sustain operation of other RATs.
Proposal 4: if the UE is aware of the IDC problem at the time when the problematic LAA SCell frequencies are configured as SCell, the UE may be allowed to send an RRC Reconfiguration failure message to avoid the problematic configuration.
4. Conclusion and recommendation
This contribution highlighted some IDC aspects related to LAA operation. The following observations are made:

Observation 1: LAA may lead to hardware contention in case of some UE architectures and this situation is different from the Rel-11 IDC problem
Observation 2: hardware contention issues may lead to scenarios where the Wi-Fi operation may be impacted whilst causing no interference to LAA operation
Based on the above, the following are proposed:

Proposal 1: UE indicates its capability of simultaneous support for LAA and Wi-Fi and frequency separation necessary for supporting simultaneous operation
Proposal 2: UE is allowed to autonomously deny LAA subframes to sustain operation of other RATs (e.g. Wi-Fi) if the provided IDC solution is insufficient to sustain operation on the other RAT or if IDC is not configured

Proposal 3: UE may generate and report low LAA CQI for the subframes that are autonomously denied to sustain operation of other RATs.
Proposal 4: if the UE is aware of the IDC problem at the time when the problematic LAA SCell frequencies are configured as SCell, the UE may be allowed to send an RRC Reconfiguration failure message to avoid the problematic configuration.
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