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1      Introduction 
During RAN#53 plenary stage 2 work for signalling and procedure for interference avoidance for in-device coexistence was approved [1]. One of the objectives of this WI is to specify the indication used by UE to report the ongoing in-device co-existence issue to the eNB so that eNB can help in resolving the issue. In this contribution we discuss how a possible indication could be?

2      Discussion 

During SI phase there was common understanding in RAN2 that the UE can send an indication to the network to report the coexistence problems and the adopted coexistence solution is decided by the network i.e. (LTE network-controlled UE-assisted paradigm). Further, it is also common understanding that UE will send the indication if the LTE DL reception or ISM DL reception of UE is suffering coexistence interference which the UE cannot solve by itself i.e. (UE internal coordination). E.g. In LTE+BT (master) Voice case context this means that UE has aligned BT time line to one of the optimal point and arranged BT Tx and Rx in such a way that there is minimum collision between LTE and BT. It is possible that for some cases once UE performs the above mentioned procedure of BT time alignment with LTE there are no collisions and in some cases there will be few collisions. This means that whether UE is able to solve in-device co-existence by itself or not ; but still it will have full time domain view of interference i.e. it has TDM assistance information with it. 

FDM assistance information during SI phase was assumed that UE will report which LTE frequencies are unusable due to in-device co-existence. UE can have frequency domain view of affected frequencies because of knowledge of ISM frequency of operation and ISM power level. If it is possible for UE to shift the ISM in frequency away from LTE frequency of operation UE will perform this activity in order to first solve the in-device co-existence interference itself before sending the indication to the eNB.

It is clear from above discussion that UE has knowledge of FDM and TDM assistance information before it decides that it can’t solve the in-device co-existence by itself and it needs help from eNB to solve the issue. 

Observation 1: UE has knowledge of FDM and TDM assistance information before it decides that it can’t solve the in-device co-existence by itself and it needs help from eNB to solve the issue. 

It is network decision to either configure FDM or TDM solution based on network implementation and/or based on the IDC scenario UE is experiencing. Therefore, UE is not aware beforehand which coexistence solution network is going to adopt to solve the IDC problem. Based on the UE implementation specific trigger condition UE already has the relevant FDM and TDM assistance information to be reported to the eNB. Based on agreement in RAN2#75Bis, UE ensures connectivity with the eNB to perform the IDC procedures reliably. This means through internal coordination UE is able to suppress ISM UL transmissions so that the signaling procedure for indication reporting and configuration of solution for coexistence by network is not interfered by ISM radios. Delay in signaling procedure is not good from overall UE operation point of view because ISM denial for long can lead to bad user experience. 
Proposal 1: FDM and TDM assistance information shall be communicated together to eNB in one step unified signaling when UE is indicating in-device co-existence problem to the eNB.
The complete signaling procedure for in-device interference handling is proposed below. 
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Figure 1: Signalling procedure for handling in-device interference

Proposal 2: After receiving in-device interference indication from UE; if eNB decides to provide FDM solution then eNB sends connection reconfiguration message with measurement configuration so that UE measures the configured frequencies and provide the measurement report to eNB. Subsequently based on measurement report handover procedure will be triggered by eNB.

Proposal 3: After receiving in-device interference indication from UE; if eNB decides to provide TDM solution then eNB sends connection reconfiguration message with appropriate parameters for the TDM operation.

Proposal 4: RAN2 is requested to discuss and adopt the signalling procedure to handle in-device interference as shown in figure 1 as baseline. Text proposal for 36.300 is provided in Annexure. 
3      Proposals

Based on above discussion:
Proposal 1: FDM and TDM assistance information shall be communicated together to eNB in one step unified signalling when UE is indicating in-device co-existence problem to the eNB.
Proposal 2: After receiving in-device interference indication from UE; if eNB decides to provide FDM solution then eNB sends connection reconfiguration message with measurement configuration so that UE measures the configured frequencies and provide the measurement report to eNB. Subsequently based on measurement report handover procedure will be triggered by eNB.

Proposal 3: After receiving in-device interference indication from UE; if eNB decides to provide TDM solution then eNB sends connection reconfiguration message with appropriate parameters for the TDM operation.

Proposal 4: RAN2 is requested to discuss and adopt the signalling procedure to handle in-device interference as shown in figure 1 as baseline. Text proposal for 36.300 is provided in Annexure. 
4      Reference

[1] RP-111355, “Signalling and procedure for interference avoidance for in-device coexistence” RAN Plenary 
5      Annexure (Text Proposal for 36.300)
Interference avoidance for in-device coexistence
This Annex reflects the agreements reached on the solutions to in-device coexistence problems that may not necessarily fit in the core of the specification but which need to be captured in the absence of corresponding details in Stage 3 specifications.
The UE can send an indication to the network to report the in-device coexistence problems. The assumption is that existing LTE measurements and/or UE internal coordination can be used as a baseline to trigger the indication. The baseline assumption is that the indication is triggered based on ongoing interference on the serving or non-serving frequencies, instead of assumptions or predictions of potential interference.

LTE Rel-8/9/10 DRX mechanism is considered as a baseline to provide time division multiplexing (TDM) patterns (i.e. LTE scheduling and unscheduled periods) to resolve the in-device coexistence 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.
If it is needed to better support BT slave mode with DRX based solution, the TDM patterns based on assistant information related to time offset between LTE and BT should be supported.

It is FFS whether additional parameter values should be introduced to the DRX based solution.
UE can autonomously deny LTE transmission to protect ISM rare cases if other solutions cannot be used. Additional restriction and methods to reduce the impact of LTE autonomous denial on the LTE network are FFS. It is also FFS on the definition of “rare cases”.

It is assumed that the UE would deny ISM transmission in order to ensure connectivity with the eNB to perform necessary procedures to resolve in-device coexistence issues.
******************************Text Proposal start ********************************************

UE sends in-device interference indication to eNB. FDM and TDM assistance information shall be communicated together to eNB in one step unified signalling when UE is indicating in-device co-existence problem to the eNB.  After receiving in-device interference indication from UE; if eNB decides to provide FDM solution then eNB sends connection reconfiguration message with measurement configuration so that UE measures the configured frequencies and provide the measurement report to eNB. Subsequently based on measurement report handover procedure will be triggered by eNB. After receiving in-device interference indication from UE; if eNB decides to provide TDM solution then eNB sends connection reconfiguration message with appropriate parameters for the TDM operation.
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Figure 1: Signalling procedure for handling in-device interference

******************************Text Proposal end ********************************************
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