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1. Introduction
In RAN3#81 meeting, MRO impacted by in-device coexistence (IDC) interference is discussed and the comment received is to refine and clarify the problem [1]. In this paper, we clarify the RLF caused by IDC interference based on the current specification. Then, the MRO issue and the corresponding solutions are further elaborated. 
2. Background 
In Rel-11, one aim of the IDC interference avoidance is to protect LTE radio reception from the interference caused by ISM radio transmission. In section 23.4.2 of TS36.300 [2], the IDC interference situation can be divided into following three phases:

	-
Phase 1: The UE detects start of IDC interference but does not initiate the transmission of the IDC indication to the eNB yet.
-
Phase 2: The UE has initiated the transmission of the IDC indication to the eNB and no solution is yet configured by the eNB to solve the IDC issue.
-
Phase 3: The eNB has provided a solution that solved the IDC interference to the UE.


Fig. 1 illustrates the relationship between the phase definition and the IDC signalling.  
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Fig.1 interference situation via IDC signalling
The IDC solution (e.g., FDM or TDM), which is configured according to the assistant information in InDeviceCoexIndication, is described as follows:

	When notified of IDC problems through an IDC indication from the UE, the eNB can choose to apply a Frequency Division Multiplexing (FDM) solution or a Time Division Multiplexing (TDM) solution:

-
The basic concept of an FDM solution is to move the LTE signal away from the ISM band by e.g., performing inter-frequency handover within E-UTRAN or removing SCells from the set of serving cells.

-
The basic concept of a TDM solution is to ensure that transmission of a radio signal does not coincide with reception of another radio signal. LTE DRX mechanism is used to provide TDM patterns (i.e. periods during which the LTE UE may be scheduled or is not scheduled) to resolve the IDC issues. DRX based TDM solution should be used in a predictable way, i.e. the eNB should ensure a predictable pattern of unscheduled periods by means of DRX mechanism.


In different phases, the RRM/RLM/CSI measurements are defined as the following table: 
	Table 23.4.2-1: RRM/RLM/CSI measurements in different phases of IDC interference
Phases of IDC Interference

RRM Measurements

RLM Measurements

CSI Measurements

Phase 1

Up to UE implementation and RRM measurement requirements (see 3GPP TS 36.133 [21]) apply

Up to UE implementation and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply
Up to UE implementation and CSI measurement requirements (see 3GPP TS 36.101 [52]) apply
Phase 2

UE shall ensure the measurements are free of IDC interference and RRM measurement requirements (see 3GPP TS 36.133 [21]) apply

UE shall ensure the measurements are free of IDC interference and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply

(NOTE 1)

Phase 3

UE shall ensure the measurements are free of IDC interference and RRM measurement requirements (see 3GPP TS 36.133 [21]) apply

UE shall ensure the measurements are free of IDC interference and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply

NOTE 1: 
The UE should attempt to maintain connectivity to LTE in this phase meaning that RLM measurements are not impacted by IDC interference. If no solution is provided within a time which is up to UE implementation, the UE may need to declare RLF or it may continue to deny the ISM transmission. 

NOTE 2: 
If the UE determines in Phase 2 that the network does not provide a solution that resolves its IDC problems, it performs measurements as defined for Phase 1.
NOTE 3: 
If the IDC indication message reports the IDC interference on a neighbour frequency, it performs RRM measurements for that frequency as defined for Phase 2.




According to “NOTE 1”, in Phase 2, the connectivity to LTE is maintained by performing RLM measurements without the impact of IDC interference. Specifically, if the RLM measurement sample is measured when there is transmission on ISM radio, the UE chooses to deny such transmission. However, the UE cannot deny the ISM transmission in long term due to the QoS degradation in the ISM device. Thus, the highlighted sentence in “NOTE 1” further indicates that the connectivity to LTE may be lost if the eNB does not provide a solution to resolve the IDC problem within certain duration. This sentence can be understood as follows: 

· The eNB may not provide the IDC solution in certain duration. It may be due to that the eNB cannot find a usable frequency without IDC interference and a suitable DRX configuration conforming to the assistant information in InDeviceCoexIndication. 
· When the timer up to UE implementation expires, maintaining the connectivity to LTE is not a mandatory requirement. This is also reflected by “NOTE 2” since RLM measurement is up to UE implementation after the UE determines that the network does not provide IDC solution in Phase 2. In particular, if the UE chooses to protect ISM transmission, it can declare RLF by performing RLM measurement without denying ISM transmission. Otherwise, it can keep the connectivity to LTE by continuing ISM transmission denial. 
Such understandings indicate that after sending IDC indication, the UE may declare RLF which is caused by serious IDC interference, i.e., as shown in Fig. 2, the UE may declare RLF after T2. 
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Fig. 2 RLF caused by IDC interference
Observation 1: Current specification indicates that the RLF may be declared due to serious IDC interference. 

3. Issue & solutions
In current specification, the eNB makes the MRO verdict based on the received RLF report regardless of IDC interference. For example, as shown in Fig. 3, Cells 1&2 are operated on carrier f1, which has serious IDC interference. An UE served by Cell1 is communicating with WLAN AP as well so that it will send InDeviceCoexIndication to the eNB. However, the eNB does not provide IDC solution to the UE. Thus, the UE may declare RLF if choosing to sacrifice LTE radio. After that, the UE re-connects to Cell 2 if the UE enters the coverage of Cell 2 and finishes or stops the communication with WLAN AP. In this case, the network makes MRO verdict as too late HO. However, in practice, if the UE does not communicate with WLAN AP, it can be successfully handed over to Cell 2.  
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Fig. 3 Scenarios for MRO verdict impacted by IDC interference
Thus, the RLF caused by IDC interference may result in incorrect MRO verdict. To resolve such issue, the following solutions can be considered:

· Alt 1: in the RLF report, the UE indicates the cause of RLF as IDC interference. If the eNB receives an RLF report containing such indication, it can ignore such report when making MRO verdict. 
· Alt 2: the UE doesn’t store or send the RLF report if it is caused by IDC interference. In this case, the RLF reports received by eNB are not due to IDC interference.   
Proposal 1: RAN3 kindly discusses the MRO issue identified above and two solutions.
4. Conclusion

Based on analysis to the current specification, the UE may declare RLF caused by the IDC problem, which could result in incorrect MRO verdict. Thus, we propose
Proposal 1: RAN3 kindly discusses the MRO issue identified above and two solutions.
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