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1 Introduction 
During the last seveal meetings, the in-device coexistence issue has been discussed a lot and the two perfered solutions, FDM & TDM, have been captured in [1]. And during the last meeting, the UE judgement approach has been taken as the baseline of the FDM solution. That is, the UE can make an indication to the eNB whenever it has problems in ISM DL reception it can not resolve by itself or whenever it has problems in LTE DL reception it can not resolve by itself and the eNB hasn’t taken action yet based on RRM measurement [2].
But there still left numerous issues and the general procedure for the FDM approach is not that clear at all. In this contribution, we try to analyse the left issues and describe the detail procedure for the FDM approach.
2 Discussion
2.1 The general procedure and the left issues
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Figure 1
Figure 1 is the general procedure for both the FDM and TDM approaches. In above figure, the steps 1, 2 and 3 are mandatory procedures and to implement the FDM or TDM approach, there are two alternative procedures to get information for eNB to make decision.
During the last meeting, it has been decided that the UE will indicate the (not) usable frequencies to the eNB [2]. To make the general procedure above implementable, there are still some issues to be resolved in each step:
Step1: UE assesses ICO interference.
Issue1: How the UE assesses the ICO interference? Depend on UE internal assessment or with some network criteria?
Step2: UE indicates ICO interference to the eNB, at least including the (not) usable frequencies.
Issue2: How the UE indication is sent to the eNB? New indication, or dummy CQI, or dummy RSRP/RSRQ (which is somehow dependent on Issue1)
Issue3: What is indicated: usable frequencies or not usable frequencies? Indicate any additional information or not (which is somehow dependent on the eNB decision in Step3)?
Step3: The eNB makes decision.
If there is no additional information indicated in Step2 or the additional information indicated in Step2 is not enough for the eNB to make decision, then the eNB could command the UE to perform the Step4 and Step5 to get some further information for making further decision (e.g. command the UE to do some measurement report on the usable frequencies).
Issue4: How to ensure to get the further information in Step4 and Step5.
In the next paragraphs, we will analyse the above four issues one by one.
2.1.1 Issue1 How the UE assesses the ICO interference? 
Two alternatives:
Alt1. UE internal assessment
Alt2. UE assesses according to the network criteria
There are two directions of ICO interference. The first direction is the interference to the LTE Rx (LTE DL) from the ISM transmissions. The second direction is the interference from the LTE transmissions (LTE UL) to the ISM reception. 
For the first direction, LTE is the victim and the current RRM/CSI measurement may be considered as the potential mechanism to detect the ICO interference from the ISM transimissions. And if the current measurement is sufficient to detect the interference, some criteria (e.g. some measurement threshold) could be directed by the network. But according to our analysis in [3] (observation 3 and observation 4 in [3]), neither the RRM measurement nor the CSI measurement is sufficient to detect the interference. That is, only the Alt1 UE internal assessment could be used for the first direction.
For the second direction, LTE is the aggressor and there is no mechanism in LTE could be used to assess the ICO interference. That is, only the Alt1 UE internal assessment could be used for the second direction.
Observation1: The UE could only assess the ICO interference based on the UE internal assessment.
In the last meeting, there was a LS from RAN4 about the interference analysis on in-device coexistence between LTE and different ISM devices. There are four analysis results based on RF anslysis or experimental measurement. Though the precise quantitative results differ from analysis to analysis, the general conclusions are consistent. If RAN2 decides that the UE detect the ICO interference based on UE internal assessment, maybe a LS should be sent to RAN4 to consult some general metrics.

2.1.2 Issue2 How the UE indication is sent to the eNB? 

Three possible alternatives on table:
Alt1. Dummy CQI/BSR
Alt2. Dummy RSRP/RSRQ

Alt3. New indication
First of all, the alternative used by the UE to send the indication is somehow dependent on the Issue1. Based on the analysis on Issue1, the current RRM/CSI measurement is not sufficient to detect the ICO interference, so there is no strong reason to use Alt1 or Alt2 to send the ICO indication. 
Secondly, Alt1 dummy CQI/BSR is a L1/L2 procedure which is originally introduced for the TDM approach [5]. According to the agreement made for the FDM approach in the last meeting, the (not) usable frequencies should be indicated to the eNB. To report the (not) usable frequencies, some kind of new CQI/BSR format must be explored. Unfortunately, the CQI/BSR reporting is a L1/L2 procedure. It is not that easy to design a new format to include the ‘huge’ frequency information as well as to ensure that the new format is consistent well with the original CQI/BSR format. Besides, to report the first direction ICO interference indication, only the periodical CQI report procedure could be used. For the uncertainty and the discontinuity of the ICO interference, it’s a challenge for the eNB to make a trade-off between the the proper CQI period and the efficient usage of the CQI resource. From these observations, we think that the dummy CQI/BSR is not a good alternative to send the indication.
Thirdly, Alt 2 dummy RSRP/RSRQ is a kind of measurement reporting procedure. In the current mechanism, the measurement report is transfered only if a measurement task is configured (A measurement identity links one measurement object with one reporting configuration) and the report condition is fullfiled. To use the Alt2, a new measurement task and/or a specific reportConfig mechanism should be introduced, which is quite different from the current mechanism and to include the (not) usuable frequencies in the measurement report, more aspects should be considered carefully.
From the above analysis, we think that it is better to introduce a kind of new indication. And considering observation1, the UE assesses the ICO interference and triggers the indication based on the UE implementation, which is quite similar to the Proximity Indication procedure for CSG inbound mobility [6]. To introduce less new procedure and make the specification more compact and simple, we could expand the Proximity Indication to report the ICO interference indication.
Observation2: Alt3 (New indication) is the best way to send the ICO indication. We can expand the Proximity Indication to realise this new indication.
2.1.3 Issue3 What is indicated in Step2? 

Two sub-issues, the first one is whether indicate usable frequencies or not usable frequencies? The second one is whether any additional information should be indicated in Step2?
The first sub-issue has been discussed during the email discussion [71b#27] [7]. Most companies are ok either for the usable frequencies or the not usable frequencies. Besides the compact issue mentioned in the email discussion, there are another two main reasons to choose the not usable frequencies. The first one is that the UE is agnostic to the NW capability that it has no way to get the supported usable frequencies by the NW. The second one is that if the ICO interference is no longer there, the UE needs to inform the eNB. If the unusable frequencies are used in the indication, the ICO interference no longer exists indication could be realized by the empty unusable frequencies list, that is, no more new IE/indication needs to be introduced. From the above considerations, we have the observation that:

Observation3: The not usable frequencies should be indicated
The second sub-issue is somehow dependent on the eNB decision in Step3. Different eNB behaviour needs different reported information. Table 1 list the possible eNB decision for FDM approach in Step3.
	eNB decision
	requirement/reasoning
	additional information

	Handover 
	The eNB could directly make the handover decision in Step3 only if there are some target cells of same coverage with the serving cell or the UE reports some available neighbour cells in Step2 (additional information-alt1).
	Additional available measurement results (of neighbours which are not on the not usable frequencies)

	Further measurement
	If there is no target cell of same coverage with the serving cell or if there is no additional measurement result getted when the indication is triggered, the eNB may command the UE to do some further measurement.
	No

	Scell management for CA
(e.g. Scell add/delete, Scell activate/deactivate)
	For deployment scenario1 [8], the Scells are of the similar coverage, the eNB may make Scell management with no assistant information from UE.
For the other scenarios [8], the Scells are of different coverages, if the eNB wants to do the Scell management directly in Step3, there must be some assistant information from UE.
	Additional available measurement results (of neighbours which are not on the not usable frequencies)


Table 1
In addition to the additional information mentioned in Table 1, as discussed above, the UE is agnostic to the NW capability. In some regions, the authorized frequencies are quite limited, e.g. in some region of India, only the high part of the Band 40 is granted. In this case, the FDM approach maybe not applicable at all, if the UE assisted TDM information could be indicated in Step2, the eNB could make the TDM decision at the first place.
Observation4: Some additional information, such as additional available measurement results (of neighbours which are not on the not usable frequencies), the TDM information (detail is FFS) should be sent with the not usable frequencies.
2.1.4 Issue4 How to ensure to get the further information in Step4 and Step5? 

As discussed in Table 1, sometimes the eNB may command the UE to get furthe information for its decision (e.g. further measurement). As we all know, for the case of the first direction, the LTE is the victim and it is most likely interfered serverly when trying to get the further information. Then the problem here is that how to ensure that the UE could get the accuracy further information?
Take the most probable action in Step4 and Step5, i.e. further measurement, as an example. The LTE UE may need hundreds of milliseconds (e.g. 480ms) to perform the measurement. Unfortunately, if the ISM device keeps transmission during this measurement period, the LTE Rx will be interfered. This will definitely have an impct on the service or even cause RLF in LTE. To ensure the UE keep connected with the eNB as well as get the accurate measurement information on the usable frequencies (inter-frequency measurement), some kind of TDM approach should be taken during the further measurement period. For example, the simplest solution is that the ISM device is only allowed to transceiving during the measurement gap. In this way, the LTE service could be keep alive and the accurate measurement results could be getted during this measurement period.
Observation5: To ensure the UE to get the additional information in Step4 and Step5, some kind of TDM approach should be used for a short time, e.g. to limit the ISM device to transcieve only during the measurement gap.
2.2 The detail procedure for FDM approach
Based on the five observations above, we get the following most promising procedure for FDM approach:
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Figure 2
3 Conclusion 
Based on the analysis above, we propose that:

Proposal1: Take the detail procedure in Figure 2 as the baseline for the FDM approach.
Proposal1-1: The ICO interference is assessed by the UE internal assessment. And a LS should be sent to RAN4 to consult some general metrics for the UE internal assessment.
Proposal1-2: Use new indication to send the ICO indication, i.e. expand the Proximity Indication to send the ICO indication.
Proposal1-3: The not usable frequencies as well as some additional information (e.g. additional available measurement results, the TDM information (detail is FFS)) should be sent in the ICO indication.
Proposal1-4: To ensure the UE to get the following additional information, some kind of TDM approach should be used for a short time, e.g. to limit the ISM device to transcieve only during the measurement gap.
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