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1 Introduction
At RAN2#72 meeting, some FDM and TDM solutions to in-device coexistence interference have been discussed [1-5]. Based on the progress made so far [6], this contribution aims to discuss the framework and procedure of in-device coexistence interference avoidance, and give our proposals on some issues.
2 Discussion
According to the discussions in the previous meetings, a feasible framework of in-device coexistence avoidance is shown in the Figure 1, where the central controller can communicate with LTE module and ISM/GPS module directly within UE, and coordinate the activities between LTE and ISM/GPS radio. It is likely that UE can solve the coexistence problems with its internal operations. But in some cases, the UE is required to send necessary information to assist the eNB to make proper decision for interference avoidance.
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Figure 1 Framework of in-device coexistence interference avoidance
The whole procedure can be described step by step as follows. Please note that some of following descriptions may belong to the UE implementations or stage-3 issues. Our main intention is to try to give an overall description of what the procedure of coexistence interference avoidance could look like.
2.1 Triggering from ISM/GPS or LTE radio
Information of coexistence issues will be triggered from ISM/GPS radio to central controller when e.g. ISM transmits/receives, GPS turns on/off, and etc. Similarly, information of LTE will also be transferred to central controller when e.g. LTE radio enters into connected mode or changes working frequency. The triggered information can be used to assist central controller to do initial judgement and coordination, and the detailed information is up to UE implementation.
2.2 Initial evaluation and handling in central controller 
According to the information triggered from ISM/GPS and LTE, the central controller can firstly evaluate whether interference may occur between different radios. If so, the central controller will judge whether the interference can be avoided by ISM radio actions only, i.e. without LTE involvement. Potential solutions are as follows: 
1) Moving ISM signal away from LTE frequency band
This kind of solution is applicable for the usage case of LTE + WiFi portable router. In this case, central controller can trigger the WiFi radio, which is acted as the AP, to move to a new channel when WiFi and LTE may disturb each other. 

Moreover, for LTE+BT earphone scenario, when the in-device BT transceiver detects the coexistence issues, it can negotiate with another BT device to restrict the range of frequency hopping by AFH (Adaptive Frequency Hopping) procedure.
2) Adjusting frame timing of BT relative to LTE
As analyzed in [1], for the usage scenario of LTE+BT earphone, in some cases (e.g. TDD UL/DL configuration 0/1/2) mutual interference can be avoided by appropriate selection of time offset between LTE TDD and BT. However, since activity time on BT can be very dynamic for BT streaming, in some other cases, timing adjustment by BT device only or even applying TDM between LTE and BT cannot completely eliminate the interference without impact on LTE or BT performance. Fortunately, BT SIG is also investigating the solutions to LTE and BT coexistence interference. Given the time frame of this SI, we propose
Proposal 1：It is proposed that RAN2 discusses to what extent LTE needs to solve the coexistence issue between LTE and BT
2.3 Interference avoidance relying on LTE
2.3.1 What kind of interference avoidance solutions is adopted
When actions from LTE perspective are required, according to the entity that makes the final decision, two candidate mechanisms were being investigated:

· LTE UE-assisted network-controlled solution: eNB makes the final decision based on the assistant information sent from UE. 
· UE controlled solution: UE makes the final decision, which is a kind of UE autonomous behaviour. It is likely that UE can also provide feedback to eNB, by which network can assist UE to achieve better performance, such as avoiding “ping pong effect”. 
LTE UE-assisted network-controlled solution is implemented based on mode 3 captured in TR 36.816 [6], while UE controlled solution is rather aligned with mode 2. 

For FDM, RLF is the most promising UE controlled solution identified so far. However, compared to handover based solution, RLF results in worse performance and user experience, such as large delay, poor service continuity, and etc. It is also very difficult for UE to implement TDM by itself. Due to lack of coordination with eNB, inappropriate time sharing mechanism could cause many retransmissions observed by eNB. In order not to impact normal HARQ too much, ISM radio could try to make use of the sleep time in DRX cycle or measurement gap of LTE as much as possible. But due to uncoordinated DL/UL scheduling from eNB, it is very likely that the time for ISM operations cannot be ensured and the time sharing between different technologies becomes unpredictable and complicated. Therefore, compared to LTE UE-assisted network-controlled solution, there is no obvious advantage for using UE controlled solution.
Proposal 2: LTE UE-assisted network-controlled solutions should be the baseline for in-device interference avoidance.

LTE UE-assisted network-controller solution is based on the mode 3, and the coordination framework can be illustrated by Figure 2, where the indication, e.g. unusable frequencies, is sent from UE to eNB. Furthermore, no matter adopting FDM or TDM based solution, eNB is required to provide the final decision about how to avoid the interference to UE. So decision/response information is needed in mode 3. With this information added, the updated framework is shown in Figure 2.
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Figure 2 Framework of in-device interference avoidance with decision/response signalling

Proposal 3: Response/Decision on how to avoid the coexistence interference is required to be sent from network to UE in the mode 3, i.e. the mode of coordinated within UE and with network
2.3.2 When does indication need to be reported to eNB

If the central controller judges that interference can not be avoided without involving LTE, it will inform LTE radio and transfer some necessary information. Some agreements related to the trigger condition of indication for FDM solution have been reached in the last meeting [2, 3, 6]:
· Indication can be used by the UE whenever it has problems in ISM DL reception it cannot solve by itself
· Indication can be used by the UE whenever it has problems in LTE DL reception it cannot solve by itself, and the eNB did not take action yet based on RRM measurements
We think the above agreements should not be limited to FDM solutions only, which are also applicable for TDM solutions as well. Actually, for LTE network-controlled UE-assisted solutions, UE might not know which kind of solution, i.e. FDM or TDM will be adopted finally before E-UTRAN takes action.
Proposal 4：It is proposed to agree the above trigger conditions of indication are applied irrespective of whether FDM or TDM is adopted.
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Figure 3 Illustration of UE connected to LTE moves from one AP to another

In some cases, the coexistence interference situation may change (i.e. worse, better or disappear), so that the LTE network and UE would benefit from taking new action. An example is shown in Figure 3. AP1 operates on channel X, which has serious interference on the whole frequency bands deployed on eNB, and hence only TDM can be applied. AP2 operates on channel Y, which only has interference on part of the frequency bands deployed on eNB, and then FDM can be applied. When UE moves from AP1 to AP2, it is beneficial for the UE to inform eNB about the updated interference situation, so that eNB can switch the interference coordination solution from TDM to FDM to achieve better performance.

Proposal 5: The indication can be sent again by the UE to reflect the change of coexistence interference situation, so that the LTE network and UE would benefit from taking new action.
2.3.3 How is the indication reported to eNB
It was agreed that for FDM solutions, unusable frequency bands are reported to eNB. For TDM solutions, suggested pattern or some necessary information for pattern configuration could be reported to eNB. As for the transmission of the assistant information, two candidates are foreseen, as shown in the following figure:
· Assisted information for FDM and TDM transferred together

· Assisted information for FDM and TDM transferred separately
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Figure 4 Candidate schemes for transferring assistant information

	
	Transferred in one step
	Transferred in two steps

	Indication information
	Unusable frequency bands,

suggested pattern or necessary information for pattern configuration, etc
	First step: Unusable frequency bands

Second step: Suggested pattern or necessary information for pattern configuration, etc


Compared to indication information transferred in two steps, sending assisted info in one step can decrease handling delay, but possibly increase marginal overhead (in case of adopting FDM). 
Proposal 6: Assisted information for FDM and TDM solutions sent together is slightly preferred
2.3.4 How to handle in-device interference avoidance in case of handover 
When UE is handed over from one eNB to another, the target eNB also needs to know the in-device interference situation, by which it can continue to adopt suitable solution to solve the coexistence issue [7]. Typically, two potential solutions can be considered:

1) Solution 1: Source eNB transfers in-device interference situation to target eNB directly e.g. via X2
2) Solution 2: UE sends in-device interference indication to target eNB 

The detailed solution is more a stage-3 issue and can be decided during the WI phase.
Proposal 7: In-device interference related information, such as unusable frequency bands and assistant information for TDM solution, should be sent to target eNB in case of handover 
3 Conclusion

In this contribution, overall framework and procedure of in-device coexistence interference avoidance are described and the following proposals are given:
Proposal 1：It is proposed that RAN2 discusses to what extent LTE needs to solve the coexistence issue between LTE and BT
Proposal 2: LTE UE-assisted network-controlled solutions should be the baseline for in-device interference avoidance
Proposal 3:  Response/Decision on how to avoid the coexistence interference is required to be sent from network to UE in the mode 3, i.e. the mode of coordinated within UE and with network
Proposal 4:  It is proposed to agree the trigger conditions of indication are applied irrespective of whether FDM or TDM is adopted
Proposal 5: The indication can be sent again by the UE to reflect the change of coexistence interference situation, so that the LTE network and UE would benefit from taking new action
Proposal 6:  Assisted information for FDM and TDM solutions sent together is slightly preferred
Proposal 7: In-device interference related information, such as unusable frequency bands and assistant information for TDM solution, should be sent to target eNB in case of handover
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