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Introduction
In LTE there are three measurement mechanisms available viz. RSRP, RSRQ and CQI.  Radio Link Failure (RLF) is procedure which can be used as interference detection and mitigation mechanisms where as Handoff can be a possible candidate to mitigate effects of  in-device coexistence interference. It is discussed in [1] that RSRP cannot distinguish presence of any type of interference as it is pure received power of reference signal. RSRQ can detect the presence of interference but it cannot distinguish between interference from neighbouring eNB and interference from in-device coexistence. However usage of RSRQ is optional so it cannot be relied for detection of interference because of in-device coexistence. 
CQI can detect the presence of interference even though it cannot distinguish between interference from neighbouring eNB and in-device coexistence interference but still it has to be investigated what will be the effect of in-device coexistence on CQI. CQI calculation is left to the UE implementation which not only takes care of SINR for CQI calculation but also takes the receiver capability also into account [2]. It is also left to the UE implementation to derive CQI value from unrestricted observation interval. However if observation interval is too long then it defeats the purpose of AMC. It can safely be assumed that CQI calculation is based on just few TTI before CQI reporting in case of periodic reporting. Reporting periodicity of CQI is derived from cqi-pmi-ConfigIndex and its value can be 2 ms to 160 ms.
Handover can be used as reliable mechanism to move UE as much as possible away from ISM band in frequency domain if somehow it is communicated to eNB that there is presence of in-device coexistence. Effect of in-device coexistence on RLF also needs to be studied for all agreed use cases of in-device coexistence because of different characteristics of use cases. 
In this paper we analyse two important aspects based on agreed use cases of coexistence with ISM:
1. Will CQI be able to detect the presence of interferer and report it accurately

2. Will ISM activities trigger RLF

Then it is argued that in-device coexistence issues are not only applicable in connected state but it also has effect on idle state procedures like page reception for certain agreed use cases. For all these discussions it is assumed that there is no co-ordination between LTE and ISM device. 
Discussion
Different agreed use cases have different traffic pattern and hence effect on CQI calculation, RLF trigger and effect on LTE idle state procedures will be different. We examine these scenarios one by one and assumed that there is NO co-ordination between LTE and BT/WiFi: 

1. LTE + Wi-Fi data offloading
In this use case there is no dependency between LTE and WiFi for data transmission. Data streams are independent because same data does not pass through LTE and WiFi. Whenever there is LTE transmission WiFi will not be transmitting anything because of CSMA nature but as soon as LTE is in reception mode WiFi will start transmission based on traffic load and random back-off. 
Since there is no co-ordination between LTE and Wi-Fi so Wi-Fi transmissions can be assumed to be at random times. The amount of transmission time by in-device Wi-Fi transmitter is dependent on traffic. The transmission instances of Wi-Fi will of variable duration because of CSMA/CA nature. It is likely that OFDM symbol of LTE carrying Reference Signals will be some time fully corrupted some time partially corrupted and some time not at all corrupted. Based on the above observation CQI value might not always be the worst case value. 
Effect on CQI: Since WiFi operation will be on reception portion of LTE CQI value will be affected. The effect will be more severe if WiFi activity is high. Lower value of CQI will force low resource assignment in LTE DL and correspondingly low DL/UL activity. In this way WiFi will again get more chances for its operation. 
Observation 1: LTE+WiFi data offloading case can make CQI value remain consistently bad for LTE depending on WiFI traffic load.

Effect on RLF: As discussed above depending on WiFi traffic LTE DL sub frames have possibility of getting corrupted. Possibility is very high for RLF to get trigger in this case because there will not be chance for receiving good packets in between.
Observation 2: LTE+WiFi data offloading case has high chances of RLF trigger depending on WiFi Traffic load.

Idle State page reception: In this particular use case only LTE can be in idle state. Activity of WiFi can very well collide with page reception opportunities and will cause page miss.
Observation 3: Page reception will be affected in case of LTE+ WiFi data offloading case. Where as in other agreed use cases this issues doesn’t exist because in rest of the coexistence cases LTE will be in connected state.
2. LTE + WiFi Portable Router and LTE+BT Earphone
In this case data flowing through LTE and WiFi are interdependent i.e. same data is passing through LTE and WiFi system. Because of this data interdependency transmission of one system affects the reception of another system which will make the activity of victim system come down and as activity of victim system comes down activity of other system will also comes down. This will make condition good for victim system and cycle repeaters.  

Effect on CQI: In the beginning CQI will be good (because WiFi has not yet started transferring audio) so download assignments can be better but as soon as WiFi starts transmission it will fall in RX of LTE and CQI will come down. So less resource assignment will take place which will reduce the LTE data rate and eventually reduce WiFi operation because of less data available via LTE to WiFi for transmission. Low WiFi activity will cause CQI to improve and as a result more resource assignment and more data will come to LTE and eventually more data for WiFi. That will cause higher activity of WiFi and more interference to LTE to reduce the CQI. Because of this nature CQI will be keep on fluctuating.

Same observation holds good for LTE downloading HD video and audio routed to BT earphone.
Observation 4: CQI value will keep on fluctuating for the use case of LTE+WiFi as portable router and LTE+BT earphone (HD video download and audio routed to BT).       

Effect on RLF: RLF trigger possibilities is less because as explained above data flowing through LTE and WiFi are interdependent. LTE operation will go through reception of good packet and bad packets in a cyclic manner. The reason is when good packets are received those will be passed to ISM after some time; this ISM transmission will corrupt the reception further of LTE packets. As LTE does not receive any good packet so there won’t be any data for ISM transmission this effect will make LTE packet reception error free and LTE will receive good frames.This cycle of good frames and bad frames will keep on repeating until application terminates the service. 
Observation 5: RLF trigger chances are less in those use case where data flow is interdependent such as LTE+WiFi portable router.

Idle State page reception: No effect on page reception because these use cases is applicable only during LTE connected state.
3. LTE + BT Earphone for Voice call
Voice call uses semi persistent scheduling and there is very small amount of data gets exchanged in a regular interval. These intervals are sufficiently long so both LTE and BT will have enough time for their operation. However since there is no co-ordination intermittently they will miss some packets but probability is high that retransmission can take care of those packet loss.

Effect on CQI: CQI value will remain stable and will be having sufficiently high value (assuming otherwise good channel condition) because of very sparse operation of LTE and BT.

Effect on RLF: Chances of RLF trigger is very less because of sparse operation on LTE and BT and even if there is bad packet received it is highly probable that retransmission will make it correct.

Idle State page reception: No effect on page reception because these use cases is applicable only during LTE connected state.

Observation 6: In case of LTE+ BT for voice call CQI value will remain stable chances of RLF trigger is very less.
Conclusion
From above discussion we infer that CQI value will fluctuate a lot but might not be experiencing lowest value all the time. It is dependent on type of use case and traffic load. RLF trigger in case of LTE+Wi-FI offload is highly probable based on traffic but other agreed use cases RLF might not get triggered because there is dependency of one system on another system for the data flow. So LTE will be going through receiving good and bad frames. 
Proposal

Observation 1: LTE+WiFi data offloading case can make CQI value remain consistently bad for LTE depending on WiFI traffic load.
Observation 2: LTE+WiFi data offloading case has high chances of RLF trigger depending on WiFi Traffic load.

Observation 3: Page reception will be affected in case of LTE+ WiFi data offloading case. Where as in other agreed use cases this issues doesn’t exist because in rest of the coexistence cases LTE will be in connected state.

Observation 4: CQI value will keep on fluctuating for the use case of LTE+WiFi as portable router and LTE+BT earphone (HD video download and audio routed to BT).       

Observation 5: RLF trigger chances are less in those use case where data flow is interdependent such as LTE+WiFi portable router.

Observation 6: In case of LTE+ BT for voice call CQI value will remain stable chances of RLF trigger is very less.
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