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1 Introduction
At RAN2#71bis meeting, some FDM and TDM solutions to in-device coexistence interference have been discussed [1-5]. Based on the progress made so far, this contribution aims to discuss the framework and procedure of in-device coexistence interference avoidance, and identify the associated open 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/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) Moving BT Tx/Rx opportunities
As proposed in [6], for the usage scenario of LTE+BT earphone, using eSCO with 2-EV3 packet which allows moving BT Tx/Rx opportunity so that BT Rx is not corrupted by LTE Tx or BT Tx does not corrupt LTE Rx. But feasibility of this solution needs further study.
Open issue 1：Whether the solution of moving BT Tx/Rx opportunities is feasible or not
2.3 Interference avoidance relying on LTE
If the central controller judges that interference can not be avoided without involving LTE, it will inform LTE radio and transfer some necessary information internally, such as aggressor or victim radio frequency band, usage scenario, and etc. The detailed information and procedure are also up to UE implementation. When actions from LTE perspective are required, according to the entity that makes the final decision, two candidate mechanisms are being investigated:
· LTE UE-assisted network-controlled solution: eNB makes the final decision based on the assistant information sent from UE. 
· UE controlled: 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 [7], while UE controlled solution is rather aligned with mode 2 [7]. However, the details of UE controlled solution and whether this kind of solution can achieve satisfied performance need further study.
Open issue 2: Is it feasible or acceptable to solve the coexistence issues by UE controlled solution?
For LTE UE-assisted network-controlled solutions, FDM and TDM are two typical potential solution directions. FDM based solution can be realized mainly based on the current mechanism in LTE, such as handover. If there is a usable frequency for the UE, to hand over the UE to this frequency has the minimized impact on system performance and UE experience. Compared to the FDM solution, TDM based solution puts more restrictions to LTE scheduling and has more impact on system performance and UE experience. So if applicable, FDM based solutions are preferred than TDM based solution.
Proposal 1: If applicable, FDM based solutions are preferred than TDM based solution
Proposal 2: It is proposed to clarify that for FDM based solution, upon reception of assisted information from UE, E-UTRAN can use handover procedure to move LTE signal away from ISM frequency band.
LTE UE-assisted network-controller solution is based on the mode 3, and the coordination framework can be illustrated by Figure 1, where the assistant information, e.g. useable/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 figure2.
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Figure 2 Framework of in-device interference avoidance with decision/response signalling
Proposal 3: Response/Decision about 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
Next we would like to discuss the transfer of assisted information necessary for FDM or TDM solution.
For LTE UE-assisted NW-controlled solution, the necessary information for performing FDM operation was discussed in the last meeting with no conclusion. Regarding the basic philosophy and detailed information, two types of candidate schemes are being discussed by an email discussion:
· UE judgement: UE judges the useable/unusable frequencies and reports them to eNB
· Network judgement: eNB judges the useable/unusable frequencies based on information provided by UE, such as aggressor/victim frequency band, usage scenario, and etc
Open issue 3: Judgement of useable/unusable frequencies: UE judgement or Network judgement?
As for the transmission of assistant information, two candidates are foreseen, as shown in Figure 3:
· Assisted information for FDM and TDM transferred together
· Assisted information for FDM and TDM transferred separately
Open issue 4: Whether the assisted information necessary for FDM and TDM are transferred together or separately?
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Figure 3 Candidate schemes for transferring assistant information
Please note that the assisted information for FDM solution discussed here doesn’t consider the measurement results, i.e. RSRP/RSPQ for handover decision. Report of such kind of measurement results may reuse existing configuration and reporting procedure, or introduce some enhancements if deemed necessary.

Combined with the schemes of useable/unusable frequencies judgement, potential content of assisted information transferred can be categorized into four kinds, as shown in the following table
	
	Useable/unusable frequencies judgement: UE Judgement
	Useable/unusable frequencies judgement: Network Judgement

	Assisted info transferred in one-step
	Useable/unusable frequencies, usage scenario, aggressor/victim radio frequency, [suggested pattern]
	usage scenario, aggressor/victim radio frequency, [suggested pattern]

	Assisted info transferred in two-step
	First step: Useable/unusable frequencies
Second step: Usage scenario, aggressor/victim radio frequency, [suggested pattern]
	First step: usage scenario, aggressor/victim radio frequency
Second step: [suggested pattern]


When eNB receives assisted information from UE, it will decide whether FDM is feasible or not, or what kind of TDM pattern could be adopted if FDM is not applicable. TDM based solutions were initially discussed in the last meeting, but feasibility and details needs further study.
Open issue 5: The feasibility of TDM based solutions, necessary information for TDM pattern determination and detailed procedure need further study.
Finally, based on received decision/response from eNB, central controller within UE should coordinate the ISM/GPS side to ensure proper operations of both LTE and ISM/GPS side. The details belong to UE implementation.
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: If applicable, FDM based solutions are preferred than TDM based solution
Proposal 2: It is proposed to clarify that for FDM based solution, upon reception of assisted information from UE, E-UTRAN can use handover procedure to move LTE signal away from ISM frequency band.

Proposal 3: Response/Decision about 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
4 References

[1] R2-105673, “Discussion on moving LTE signal away from ISM band for in-device coexistence”, CMCC
[2] R2-105767, “Requirements on gap patterns for TDM solutions to LTE ISM coexistence scenarios”,  Qualcomm Incorporated
[3] R2-105587, “Consideration on the details of in-device interference”, Huawei, HiSilicon
[4] R2-105764, “Types of TDM Solutions for LTE ISM Coexistence”, Qualcomm Incorporated
[5] R2-105572, “Possible TDM Solution for LTE, WiFi and BT In-device Coexistence”, Samsung
[6] R2-105576, “LTE and BT in-device coexistence possible without TDM gap pattern?”, Samsung
[7] TR 36.816 v0.3.0
[image: image4.jpg]









R2-106382
1


_1350590082.vsd
E-UTRAN


LTE radio


ISM/GPS radio


Coordination


Terminal


Central controller


Coordination


Assistant info


Decision/Response
info



_1350818991.vsd
�

Assisted info for FDM and TDM


UE


eNB


Response from eNB 


(FDM or TDM related response)


eNB decides the final solution


Assisted info for FDM 


UE


eNB


Response from eNB 


(TDM information is requested)


eNB decides that FDM is not applicable


Assisted information for TDM 


eNB decides the details of TDM


Response from eNB 


(TDM related response)


Assisted info for FDM 


UE


eNB


Response from eNB 


(FDM related response)


eNB decides that FDM is applicable


Assisted info transferred together


Assisted info transferred seperately:
FDM is  adopted


Assisted info transferred seperately:
TDM is  adopted



_1350565213.vsd
E-UTRAN


LTE radio


ISM/GPS radio


Coordination


Terminal


Central controller


Coordination



