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1 Introduction
A work item on the IDC interference avoidance has been agreed at RAN#53 meeting [1] as continuation of corresponding study item. Through the SI stage discussion, some of main conclusions have been made [2] and also some of agreements on stage-2 were made in the last RAN2 #75b meeting [3]. In this contribution, we clarify and identify some of agreements for IDC interference avoidance in order to clear moving forward and further discussion.
2 Discussion
2.1 Internal Coordination and measurement
During SI stage discussion, some of conclusions were made to solve IDC problem in terms of operation modes, operation scenarios and potential solutions. One of main conclusion of the SI stage is as following [2].
· “With respect to the modes of interference avoidance, at least internal coordination between different radio technologies within the UE should be assumed when defining solutions”

This agreement is identifying how different radio technologies work based on the three operation modes (Uncoordinated mode, Coordinated within UE only mode and Coordinated within UE and with Network mode in [2]) in order to solve IDC interference problem. And during the last meeting, one of agreements is as following [3].

· “Existing measurement and/or UE internal coordination can be used as a baseline to trigger the IDC indication”

This agreement is identifying how the UE triggers the IDC indication (e.g. using measurement and/or internal coordination.). Measurement of interference and internal coordination at the IDC platform could be tightly coupled and have a deep relationship. If the non-LTE components (e.g. ISM, GNSS) provide their specific information to the LTE component at the UE, the UE can be able to easily resolve IDC interference. For example, it may be possible that the ISM provides its significant signalling transmission time and instance before activating. Particularly, BT may provide traffic patterns (e.g. periodic transmission in SCO/eSCO protocol) which can be converted to interference patterns or bit map patterns for HARQ reservation solution. Thus, internal coordination may replace the measurement operation for triggering IDC indication because all required information to trigger IDC indication may be obtained from non-LTE component using internal coordination. When the existing measurement is only used to trigger IDC indication, it could be interpreted to “Uncoordinated mode” defined in [2]. And also, if the UE internal coordination is only used to trigger IDC indication, it could be interpreted to “Coordinated within UE mode” as defined in [2]. In addition, the combining of measurement and internal coordination case may be used , however, it could be more complicated to make work scope in RAN2 since it depends on what kind of information is provided between different radio technologies and on implementation of non-LTE components . From these points, there seems to be an unclear description between two agreements from SI stage and the last meeting, therefore, it needs to be clarified and identified for further discussion and working assumption in order to resolve IDC interference problem. 
Proposal 1a: Need to discuss if “Uncoordinated mode (without the UE internal coordination)” should be ruled out from the work scope.

Proposal 1b: Need to discuss if “measurement” operation is required assuming that “Uncoordinated mode (without the UE internal coordination)” is ruled out. 
Proposal 1c: Need to discuss if “measurement” to trigger IDC indication is required assuming that “Coordinated mode (with internal coordination)” is used.
2.2 Usable and Unusable frequency
In TR36.816[2], there is a statement about frequency reporting to the eNB due to IDC interference as following.

· “UE judgement is taken as a baseline approach for the FDM solution, i.e. the UE will indicate which frequencies are unusable due to in-device coexistence”. 
The definition of unusable frequency is that the frequency should be unusable for original services with the guaranteed quality due to the IDC interference. When the IDC interference happens, it may be possible that the UE reports all of frequencies which are unusable to the eNB. Figure 1 shows the LTE frequency bands (e.g. Band 40 and Band 7) and ISM to illustrate the interferable frequency band. In figure 1, there are two interference frequencies, A and B in Band 40. If ISM component is enabled at lower channels while in the UE is working at frequency B which is the boundary of interference from the ISM component, the UE will be interfered with ISM component. And frequency B would be the farthest frequency which is interfered with ISM component. At this moment, the UE may report unusable frequency based on frequency B. Thus, actual interfered frequency and criteria of reporting unusable frequency would be the same frequency. However, if interference happens while in the UE is working at frequency A, criteria of reporting unusable frequency would be different and be frequency B because of interferable band. Therefore, the reporting unusable frequency would be the farthest unavailable frequency which is frequency B, from the ISM band. Accordingly, the reported frequency would be interfered or a boundary of unusable frequency which could be the farthest interfered frequency from the ISM frequency band. 
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Figure 1. Interferable frequency band for LTE and ISM components

At the eNB side, when the eNB receives the frequency information, for example frequency B in figure, the eNB can extract usable and/or unusable frequencies based on the reported frequency information. Below the interfered frequency to the lowest frequency would be the safe frequency band (e.g. usable frequency) and from the interfered frequency to the highest frequency would be unsafe frequency band (e.g. unusable frequency) in Band 40. And above the interfered frequency to the highest frequency would be the safe frequency band (e.g. usable frequency) and from the interfered frequency to the lowest frequency would be unsafe frequency band (e.g. unusable frequency) in Band 7 UL. Since the eNB can basically recognize the UE’s operating frequency band, it can extract the usable/unusable frequencies based on the reported interfered frequency and operating band. Accordingly, it seems that the terminology, unusable frequencies, do not need to be specified and reported by the UE. 
Proposal 2a: The terminology, “interfered frequency”, would be more suitable terminology than usable/unusable frequencies. Thus, the UE will indicate which frequency is interfered due to in-device coexistence.
Proposal 2b: The unusable or usable frequency based on the reported “interfered frequency” should be identified as frequency boundary.
Proposal 2c: The eNB can extract usable/unusable frequencies based on reported interfered frequency from the UE.
2.3 UE capability and Potential interference frequency
As shown in Figure 1, we can define an interferable frequency band (f) with RF filter based solution that minimum space for band separation (f) between LTE and ISM components is required for protecting and minimizing the interference from the in-device coexistence platform. For example, if the BT is working on the Channel #1, 2382-2400MHz of the LTE Band 40 could be theoretically in interferable band assuming 20MHz enough frequency separation (f). And also if the WiFi is working on the Channel #14 (2473-2495MHz), 2500-2515MHz of LTE Band 7 may give an interference to WiFi assuming 20MHz enough frequency separation assuming the in-device coexistence operation, RF filter solution and band allocation in use. When multiple different radio technologies are installed on the UE, the LTE component and non-LTE component, on the UE are able to know safe operating frequency range and they can also be able to know the potential interferable frequency band based on the performance of RF filter installed in the UE. If the specific frequency information or band which has a potential interference is determined in advance at the eNB and UE side, the frequency which can potentially avoid the interference due to in-device coexistence should be allocated to the UE preemptively as a preferred frequency. Accordingly, if the UE’s capability (e.g. LTE+BT, LTE+WiFi, LTE+GNSS) is indicated to the eNB, the preferred frequency can be easily determined and allocated to the UE in order to avoid potential interference in the future. 

Proposal 3a: The UE is aware of the specific frequency bands which can be interfered when the ISM components are enabled, if the RF filter characteristics are defined.  

Proposal 3b: The UE sends its IDC capability about specific in-device coexistence configuration equipped in the UE. 

Proposal 3c: The eNB allocates preferred frequency to the UE based on the received UE’s capability in order to avoid potential interference.  

3 Conclusion
In this paper, we have introduced some of issues to be identified and clarified (e.g. measurement and internal coordination, usable and unusable frequency, UE’s capability and the potential interference frequency etc.) RAN2 is kindly requested to consider and adopt the following proposals.        
Proposal 1a: Need to discuss if “Uncoordinated mode (without the UE internal coordination)” should be ruled out from the work scope.

Proposal 1b: Need to discuss if “measurement” operation is required assuming that “Uncoordinated mode (without the UE internal coordination)” is ruled out. 

Proposal 1c: Need to discuss if “measurement” to trigger IDC indication is required assuming that “Coordinated mode (with internal coordination)” is used.

Proposal 2a: The terminology, “interfered frequency”, would be more suitable terminology than usable/unusable frequencies. Thus, the UE will indicate which frequency is interfered due to in-device coexistence.
Proposal 2b: The unusable or usable frequency based on the reported “interfered frequency” should be identified as frequency boundary.

Proposal 2c: The eNB can extract usable/unusable frequencies based on reported interfered frequency from the UE.
Proposal 3a: The UE is aware of the specific frequency bands which can be interfered when the ISM components are enabled, if the RF filter characteristics are defined.  

Proposal 3b: The UE sends its IDC capability about specific in-device coexistence configuration equipped in the UE. 

Proposal 3c: The eNB allocates preferred frequency to the UE based on the received UE’s capability in order to avoid potential interference.  
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