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1. Introduction
This contribution summarises the methods being considered as part of the in-device coexistence study to achieve interference mitigation between LTE and other in-device radio technologies. We also discuss current use case scenarios being considered and areas of special interest for investigation by RAN4.
2. Use case scenarios

The following is a list of use case scenarios being studies for in-device interference mitigation listed in [1].
	LTE + BT headphone
	LTE Band 40 radio TX causing interference to ISM radio RX

	LTE + WiFi access point
	ISM radio TX causing interference to LTE Band 40 radio RX

	LTE + WiFi Station
	LTE Band 7 radio TX causing interference to ISM radio RX

	LTE + GNSS Receiver
	LTE Band 7/13/14 radio TX causing interference to GNSS radio Rx


3.  In-device interference detection options
Detection of in-device interference is discussed in two different scenarios: uncoordinated mode, where each Wireless System determines independently the presence of interference from other in-device Wireless Systems, or UE coordinated mode, where internal signalling informs each potential victim Wireless System of likely in-device interference situations.

For uncoordinated detection, the LTE RAT will have to perform measurements to detect the likely presence of interference from other in-device modems, and it is likely that interference on the LTE downlink from BT or WiFi modems is not easily detected due to the unpredictable traffic pattern and frequency hopping of the aggressor systems. However, detection probability will affect the efficiency of any interference mitigation scheme implemented, and is therefore of interest to RAN4. We propose that RAN4 study feasibility and requirements of such measurements to ensure that in-device interference can be detected reliably.

Proposal 1: Investigate the feasibility and performance requirements of in-device WiFi/BT aggressor interference detection on LTE victim.  
4. In-device interference mitigation modes
Proposed interference mitigation techniques can be grouped into three areas, and applicability of these depends on the degree of coordination between the different in-device Wireless Systems and network.
1) Uncoordinated mode – no interaction with any eNB/AP or between different Wireless Systems within the device is required. Only the victim Wireless System can take action, as detected interference scenarios are not communicated to the in-device aggressor.
a) Move victim LTE Signal away from ISM Band

The UE can attempt to signal modified measurement reports to the network to cause handover to a different LTE carrier, away from the ISM interferer.

b) Move victim ISM Radio Signal away from LTE Frequency Band

For BT it is possible to limit the frequency hopping set when in connected mode, avoiding the channels that are interfered by the LTE modem. For WiFi it is only possible to move the channel frequency if the device is an access point. Mobile station WiFi equipment cannot move the channel frequency autonomously.

c) Time Division Multiplexing
This cannot be done without some coordination between in-device Wireless Systems.
2) Coordinated within the UE only – different Wireless Systems within the device coordinate, but no signalling changes on any of the air-interface standards required
a) Move LTE Signal away from ISM Band

For interference avoidance, if ISM-to-LTE interference is expected, the UE could send modified LTE measurement reports to the eNB to cause handover to a different channel.

b) Move ISM Radio Signal away from LTE Frequency Band

See 1b) for avoidance methods.

c) Time Division Multiplexing
Communication between in-device Wireless Systems could enable the use of existing gaps in the transmit/receive pattern of the LTE RAT. However, these are not guaranteed.
3) Coordinated within the UE and network – signalling extensions on one or more air-interface standards required.
a) Move LTE Signal away from ISM Band

Extensions to LTE signalling may allow controlled handover to another LTE channel or RAT if in-device coexistence is severe. Alternatively, modified RB allocation schemes in the uplink and downlink may allow improved performance in in-device interference scenarios.
b) Move ISM Radio Signal away from LTE Frequency Band

See 1b) for avoidance methods
c) Time Division Multiplexing
Coordinated transmission/reception gaps between the different air interfaces could be used to ensure interference free in-device coexistence. 
5. Areas of interest for RAN4
Following the short summary of methods for detection and mitigation of in-device interference, at least the following areas of investigation of special interest to RAN4 are identified:
1. Uncoordinated mode/Coordinated within the UE only
The proposed method of interference mitigation by LTE handover triggered by modified measurement reporting is backwards compatible; however this would require assessment by RAN4 into at least two areas:

· How to bias the measurements to cause reliable handovers, and 

· Assessment of the impact of biased measurement reporting on mobility and network performance. 

Proposal 2: Investigate how the UE would bias reported measurements to trigger LTE handover at eNB.

Proposal 3: Investigate impact of biased measurements on network mobility and performance, and on RAN4 specifications. 
2. Coordinated within the UE and the network

Coordination with the networks would allow explicit handover control, modification of RB allocation, UE uplink power control or coordinated TDM approaches, and would avoid the need for modified measurement reporting.

6. Summary
This document lists some methods of in-device interference detection and mitigation currently under study. The following have been identified as areas of interest for RAN4 as part of the in-device coexistence study.

Proposal 1: Investigate the feasibility and performance requirements of in-device WiFi/BT aggressor interference detection on LTE victim.  

Proposal 2: Investigate how the UE would bias reported measurements to trigger LTE handover at eNB.

Proposal 3: Investigate impact of biased measurements on network mobility and performance, and on RAN4 specifications. 
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