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1 Introduction
In the last meeting, coexistence interference scenarios, usage scenario are identified. Three potential solution directions are also discussed, which are [1]:
- Move LTE Signal away from ISM Band
- Move ISM Radio Signal away from LTE Frequency Band
- Time Division Multiplexing (TDM)
Our understanding is that the first one is relevant to apply RRM mechanism to alleviate the in-device coexistence interference. In this document, we share our views of possible enhancements based on Rel-8/9 RRM mechanisms and procedures.
2 Discussion on “Move LTE Signal away from ISM Band”
For a UE to access the networks and services ubiquitously, it is often equipped with multiple transceivers. One typical kind of UE is smart phone, which often consists of Bluetooth, WiFi and GPS receiver, in addition to cellular communication modems. If the frequency bands of those in-device transceivers are close to that of cellular modem, mutual interference would raise. RAN4 document already indicated that filter technology alone may not be able to solve the problem completely. One possible protocol-level solution is to apply RRM technologies, such as radio link failure (RLF) and handover, so that the operation frequency bands of the in-device transceivers are separated large enough.
The basic idea to apply RLF for in-device coexistence is as follow: UE reselects to different frequency channel (normally, far away from current one) when RLF occurs. It is shown in [2] that there would be problems of long latency and ping-pong effect. In our understanding, those problems are due to the fact that RLF is a reactive procedure. That is, UE does not reselect to another frequency band until the channel quality of serving cell becomes really bad. We think the problems can be alleviated if the system acts proactively. When UE informs serving eNB the phenomenon of in-device coexistence, the serving eNB can apply RRM mechanism to handover the UE to another frequency band in advance. In the following, we discuss some possible reporting methods
i. Static reporting: In this method, UE reports the “in-device coexistence” during UE capability transfer procedure. Knowing the UE capability, eNB can try to handover the UE to another frequency channel that is away from the in-device interference. 
ii. Semi-static reporting: In this method, UE reports the activation of “in-device coexistence”. As method A, eNB can try to handover the UE to another frequency channel when getting the information from UE. A new reporting mechanism is required for this method, which can be implemented by either MAC CE or RRC message.
iii. Dynamic reporting: In this method, UE keeps measuring the signal quality of serving cell and neighboring cells and reports the measurement results to serving eNB. Again, serving eNB can use the measurement information for conducting possible handover. The method reuses current Rel-8/9 measurement procedure with some enhanced measurement report. For example, eNB can configure measurement event A2 to UE and additionally request the UE to report the qualities of the neighboring channels that might be affected by in-device transmitters. Similar idea can be found in [3].
Static reporting method is the simplest and less impact to current RRM procedure. With the knowledge of the UE capability, eNB can refrain from handover the UE to the frequency channels that are close to in-device transceivers. It can alleviate the ping-pong effect. However, this method may result in low frequency utilization and unnecessary handover because the interference from the in-device transceiver could be zero or low. Dynamic reporting method can provide better control of the handover timing. However, precise measurement report is required, which may be an issue for some in-device transceivers. For example, Bluetooth employs frequency hopping technique and the interference to LTE signal would be time-varying. Some further investigation for RRM measurement would be required.
Proposal 1: It is suggested RAN2 to discuss what kind of reporting/measurement method is required when applying RRM technique to in-device coexistence problem.
3 Discussion on the performance of the interfered in-device transceiver
In some scenarios, the reception of in-device transceiver may be interfered by LTE signal while the LTE communication can operate normally. For example, it is identified that the transmission of LTE band 7 UL will affect BT reception [1]. We think the interference scenario has impacts on some usage scenarios, such as LTE + BT earphone. In this usage scenario, user may not clearly hear the voice from the BT earphone even though the voice packet over LTE transceiver is correctly received. It is not good for overall user experience.
The current defined measurement and RRM mechanisms are for LTE signals. When the signal quality of current channel is good, no handover command is expected from eNB. To improve the overall user experience of a handset with in-device transceivers, we think UE might also need to report the performance of in-device transceivers.
Proposal 2: It is suggested RAN2 to discuss whether it is possible to report the measurements of in-device transceivers.
4 Conclusion
In this document, we discuss possible RRM solutions for in-device coexistence. Based on the above discussions, our suggested are listed as follows:
Proposal 1: It is suggested RAN2 to discuss what kind of reporting/measurement method is required when applying RRM technique to in-device coexistence problem.
Proposal 2: It is suggested RAN2 to discuss whether it is possible to report the measurements of in-device transceivers.
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