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1 Introduction
It has been discussed during RAN2 #76 that do we need to be extra careful for the in-device interference cases when LTE DL is affected? One reason for such thoughts is because of the fact that if current measurement is used for mobility purpose then there is possibility that serving and non-serving cells measurement might be affected by ISM interference differently. Even though current measurement can’t detect the presence of interference with certainty but still some possibility exists that measurement event triggers might get affected and will lead to ambiguity in mobility performance. In this document we analyze the situation and propose a simple approach to handle it keeping UE implementation complexity and standards impact to a low level.
2 Discussion
When measurements are performed for serving and non-serving cell (intra and inter-frequency) at different time instances which is usually the case then there exist a possibility that different measurement samples are either affected by ISM or not affected by ISM. These differences can lead to ambiguous measurement report. It is not possible to mandate the UE to perform all the measurements at same time instance because of obvious reasons such as inter-frequency measurement usually not possible without RF retuning. Broadly there have been two proposals earlier by different companies to handle these situations:

1. Perform measurement exactly on those sub-frames which are affected by ISM.

2. Perform one measurement at exactly those sub-frames which are Ism affected and another measurement on those sub-frames which are NOT ISM affected.

As discussed earlier that it is quite complex to find when ISM is about to perform transmission and very small time is available to inform LTE module to prepare itself for measurement at corresponding LTE DL sub-frames [1]. Proposal 2 has additional problem of extra measurements and mare battery consumption along with UE implementation complexity issue [1].  So because of these reasons above two proposals are not very effective in terms of implementation complexity and gain. However it is possible to have much simpler approach. 
In-device interference situation can be divided into following three phases as shown in Figure 1 below:
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Figure 1: Different phases of in-device interference related operations by UE
Phase 1: ISM operation has started and UE has not yet sent indication to eNB informing in-device interference to eNB. 

Phase 2: UE has sent in-device interference indication to eNB and no solution is yet configured by eNB to solve the in-device interference issue.

Phase 3: eNB has provided solution to solve the in-device interference to UE. For this phase two cases are possible i.e. 

a. Case 1: TDM is provided as solution

b. Case 2: FDM is provided as solution

It has been agreed in RAN2 #75Bis [2] that for Phase 2 ISM operation can be denied so that in-device interference indication and subsequent procedures can be completed without any issue. So obviously during Phase 2 there is no issue of ambiguity in measurement report due to ISM operation as during this time since ISM is denied for correct reception of in-device signaling messages so same subframes can be used for measurement purpose as well to get ISM un-affected measurements. 
Observation 1: Measurement report ambiguity doesn’t seem to be an issue for Phase 2.

For Phase 3 Case 1 i.e. when TDM is provided as solution then UE has clear time domain view that when only LTE is supposed to work and hen it is not supposed to work. It is straight forward implementation approach for UE to measure LTE DL during those sub-fames when LTE DL is allowed to work. 
For Phase 3 Case 2 i.e. when FDM is provided as solution then usually it can be assumed that serving frequency is not ISM affected and measurement performed at any sub-frame are equal because none of them are ISM affected. Even for non-serving frequencies since UE has already provided FDM assistance (containing bad frequency information) data to eNB in the in-device interference indication to eNB then it can either be assumed that eNB will not configure ISM affected frequencies for measurement or even if eNB doesn’t exclude ISM affected non-serving frequencies in measurement configuration then also inter-frequency measurement gap will anyway will be present which is static for long term and there should not be any issue in UE implementation for inter-module co-ordination. 

Observation 2: For Phase 3 as well it doesn’t seem to be an issue for measurement report ambiguity related to mobility purposes.

Now remains only the Phase 1 when UE is in transition phase to evaluate the ISM interference severity level and also might be trying to mitigate the effect of ISM on its own as much as possible by either time alignment or shifting ISM frequency of operation as far away as possible from LTE frequency of operation. So it is possible that during this transition phase there might not be very clear time domain strategies of only LTE operation time and only ISM operation time. It is much simpler for UE to stop ISM operation as and when it needs it rather than accurately determining when ISM is going to transmit. Keeping this fact in mind an smart UE implementation can ensure that all measurements be it serving cell or non-serving cell (intra or inter-frequency) it will perform on those sub-frames which are not ISM affected. If required to have those sub-frames which are not ISM interfered UE can use ISM denial as and when required in this transition phase. Ultimately since all the measurements are provided from those sub-frames which are not ISM affected so the ambiguity in measurement trigger and measurement reports can be eliminated. 
Observation 3: An smart UE implementation can ensure that the measurement provided can be free from ISM by means of ISM denial if required. 

Proposal 1: considering all the three phases of UE operation for in-device interference handling it is much simpler approach that UE performs measurements on only those sub-frames which are not ISM affected. 
Proposal 2: To achieve the proposal 1 UE is allowed to perform ISM denial as and when required. This actually seems to be few instances and may not cause big ISM performance issues.
3 Proposal
Proposal 1: considering all the three phases of UE operation for in-device interference handling it is much simpler approach that UE performs measurements on only those sub-frames which are not ISM affected. 

Proposal 2: To achieve the proposal 1 UE is allowed to perform ISM denial as and when required. This actually seems to be few instances and may not cause big ISM performance issues.
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