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1 Introduction

After one year discussion, FDM, TDM and PC based solutions are identified as the candidates to resolve the in-device coexistence (IDC) problems. Because each option has its uniqueness to resolve the problems under different scenarios, most likely these options need to work together to complete the final solution. During RAN2#73bis, there were certain open issues raised during the online discussion. This contribution will discuss those open issues and try to identify the remaining problems RAN2 need to resolve during WI phase.

2 May Common Procedure Applicable for UE to Enter PC based Solution or to Enter FDM/TDM Solutions?
This is an open issue raised from online discussion during RAN2#73bis meeting, where no clear idea concluded during last meeting. After further investigation, there are actually two different issues behind this problem. The first issue comes from trigger condition definition and the second issue comes from messaging procedure.

According to the definition of PC based in-device coexistence interference avoidance solution, UE will try to reduce its transmit power or limit its transmit power within certain level in order to restrict the level of coexistence interference to WiFi, BT or GNSS signal reception. Therefore, the major motivation for LTE UE to trigger PC based IDC solution is to protect other radios within the same device platform. On the other hand, the motivation for LTE UE to trigger FDM or TDM solution may be either to protect LTE DL reception or ISM DL reception. It is possible that the condition for UE to trigger the reporting of IDC problem for PC based solution is similar as the condition to trigger the reporting for FDM/TDM solution if it aims to protect ISM/GNSS DL reception. Since the PC based solution may not be helpful to protect LTE DL reception, it should not be relevant to the trigger of UE reporting for FDM/TDM solution.

Base on section 5.2.1.1A in [1], indications can be sent by the UE in case of scenario 1 whenever it has problem in ISM DL reception it cannot solve by itself. Therefore, it is possible to trigger UE reporting of IDC problem both for PC based solution and for FDM/TDM solution if the problem comes from ISM DL reception. 
Observation 1: It is possible to have common procedure to trigger reporting of IDC problem for UE to enter PC based solution or FDM/TDM solution if the problem comes from ISM/GNSS DL reception.
However, since the PC based solution is not expected to resolve LTE DL reception problem, there seems no reason to trigger UE reporting of IDC problem for PC based solution if the problem comes from LTE DL reception.
Observation 2: There seems no motivation to trigger reporting of IDC problem for UE to enter PC based solution if the problem comes from LTE DL reception.

Along with this line, it seems possible to share some of the messaging procedure for FDM/TDM solution by PC based solution if the FDM/TDM solution can be triggered to protect ISM/GNSS DL reception. On the other hand, there seems no reason to share the messaging procedure for FDM/TDM solution with PC based solution if the FDM/TDM solution can only be triggered to resolve LTE DL reception problem. Therefore, whether PC based solution could share the messaging procedure for FDM/TDM solution depend on whether UE is allowed to trigger FDM/TDM solution to protect ISM/GNSS DL reception. The answer should be affirmative base on current TR description, this could lead to the conclusion that it is possible for PC based solution to share the messaging procedure for FDM/TDM solution.
Proposal 1: It is possible to apply common procedure for UE to enter PC based solution or for FDM/TDM solutions if the problem comes from ISM/GNSS DL reception problem
But whether it is the best way to handle signaling design is left to further discussion in WI phase.
3 May Common Procedure Applicable for UE to Leave FDM Solution or to Leave TDM Solution?
According to [1], it has been clearly stated that the indications can be sent by the UE whenever it has problem in LTE DL reception it cannot solve by itself due to in-device coexistence. According to the section structure of Table 5.2.1.1A in [1], it is also clear that the indication (i.e. to enter in-device coexistence problem) of in-device coexistence problem should be common for both FDM and TDM solutions. However, it has not been well discussed whether the condition to leave in-device coexistence problem should also be common for both FDM and TDM solution.
According to the Table 5.2.1.1A‑1 in [1], there are four kinds of trigger condition for UE to report IDC problem. Along this direction, there should also be four corresponding conditions for UE to leave the IDC problem. The following tries to modify the current table for clarify the definition.
Table 1 Entering (or Leaving) conditions of in-device coexistence interference
	Scenario
	Simple description for each scenario

	1
	On-going interference on the serving frequency (be removed)

	2
	Potential interference (currently not on-going) on the serving frequency (be removed)

	3
	On-going interference on non-serving frequencies (be removed)

	4
	Potential interference (currently not on-going) on non-serving frequencies (be removed)


The blue underline text in Table 1 is extended base on original table content of Table 5.2.1.1A‑1. Considering Scenario 1 & 3 (i.e. reactive indicator), such leaving definition seems applicable for FDM solution by considering the serving frequency as the new frequency after handover (i.e. after executing FDM solution). Then the remaining detail such as the way to judge unusable frequency could follow the same way for the case before triggering FDM solution. Considering Scenario 2 & 4, it seems also applicable for FDM solution by considering the serving frequency as the frequency after handover. Therefore, the condition specified in Table 1 to trigger the reporting for UE to leave of IDC problem seems applicable to FDM solution.
From TDM solution perspective, the condition specified in Scenario 1 & 3 should be applicable by estimating the ongoing interference. There may be some ambiguity on the way to measure ongoing interference on serving or non-serving frequencies, it may either be measured over the LTE active duration or over the entire observation period. But such problem is essentially the same as the case when defining the condition to trigger reporting to enter IDC problem, which could further be resolved during WI phase. For Scenario 2 & 4, which are essentially proactive indications, the definition in Table 1 should also be applicable for TDM solution because such proactive indication may need to rely on UE internal assessment (may not be addressed in 3GPP). Therefore, the conditions specified in Table 1 to trigger reporting for UE to leave IDC problem seems also applicable to TDM solution.
Proposal 2: It is possible to apply common procedure for UE to leave FDM or TDM solution

Proposal 3: Adopt the text proposal specified in Appendix
4 Conclusion

According to the analysis in this contribution, the following observations are identified:
Observation 1: It is possible to have common procedure to trigger reporting of IDC problem for UE to enter PC based solution or FDM/TDM solution if the problem comes from ISM/GNSS DL reception.

Observation 2: There seems no motivation to trigger reporting of IDC problem for UE to enter PC based solution if the problem comes from LTE DL reception.

Base on the above observations, RAN2 is requested to consider the following proposals:

Proposal 1: It is possible to apply common procedure for UE to enter PC based solution or for FDM/TDM solutions if the problem comes from ISM/GNSS DL reception problem

Proposal 2: It is possible to apply common procedure for UE to leave FDM or TDM solution

Proposal 3: Adopt the text proposal specified in Appendix
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Appendix  Text Proposal
5.2
Description of interference avoidance solutions

5.1.1 5.2.1
LTE network-controlled UE-assisted solutions
5.1.1.1 5.2.1.1A
General
Depending on the conditions of in-device coexistence interference on the serving frequency and non-serving frequencies, there are four scenarios to be considered as listed in Table 5.2.1.1A-1. 
Table 5.2.1.1A‑1: Entering (or Leaving) Conditions of in-device coexistence interference
	Scenario
	Simple description for each scenario

	1
	On-going interference on the serving frequency (be removed)

	2
	Potential interference (currently not on-going) on the serving frequency (be removed)

	3
	On-going interference on non-serving frequencies (be removed)

	4
	Potential interference (currently not on-going) on non-serving frequencies (be removed)


At the initiation of LTE network-controlled UE-assisted solutions, the UE can send an indication to the network to report the coexistence problems. In case of scenario 1, indications can be sent by the UE whenever it has problem in ISM DL reception it cannot solve by itself. At the same time, indications can also be sent by the UE whenever it has problem in LTE DL reception it cannot solve by itself, and the eNB did not take action yet based on RRM measurements. Other triggers of indication could be summarized as the following three cases, which relate to scenario 2-4 in Table 5.2.1.1A-1 respectively:

1) the UE indicates the network that coexistence problems may become serious on the serving frequency due to e.g. increase of ISM traffic;

2) the UE indicates the network that certain of non-serving frequencies are experiencing serious coexistence problems (no serious coexistence problems on the serving frequency);

3) the UE indicates the network that coexistence problems may become serious on the non-serving frequencies (no serious coexistence problems on the serving frequency).
When LTE UL transmission interferes with ISM/GNSS DL reception, LTE measurements cannot be used to detect the problem and the details of the trigger(s) for the UE to report the problem will probably not be specified in 3GPP. When ISM UL transmission interferes with LTE DL reception, existing RRM measurement cannot guarantee timely trigger of indication. It is left to work item phase to discuss how to limit unnecessary triggers/trigger misuse e.g. by defining new measurements or new test cases. Triggers of indication in scenarios 2-4 are not limited to LTE DL measurements.

The triggers of indication should focus on scenarios 1 and 3 in Table 5.2.1.1A-1.
UE may send an indication to the network on its leaving of coexistence problem base on the scenarios specified in Table 5.2.1.1A-1.

