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1 Introduction

During last three meetings, from #71 to #72, following subjects are discussed in ICO (In-device COexistance interference avoidance) subsection and described in TR36.816 draft [1]:

· General ICO description

· Definition of FDM and TDM ICO
· Several solution for FDM ICO

· Several soultion for TDM ICO

· Analysis about ICO configuration

Currently, it is serperately focused on how to apply each interference avoidance scheme to in-device problem occurrence. And there seems to be a consensus that both of ones are mandatory to solve interference issue for in-device coexistence. However, it is not studied on which configuration for in-device coexistence each interference avoidance scheme shall be used. That is, the appropriate operation scenario of each scheme has not been determined yet. In this contribution, we would suggest several possible operation scenarios of  FDM and TDM ICO.
2 Comparison of FDM and TDM ICO
We would compare the characteristics of each ICO scheme.

Observation 1: FDM ICO characteristics
In [1], two potential solutions are suggested for FDM ICO. 1) Move LTE signal away from ISM band. 2) Move ISM band away from LTE signal.
If 2) is available, then UE would simply move ISM band away from LTE signal and there is no additional control for FDM ICO opeartion in the LTE system. Interference could be mitigated sufficiently, and it could cause no more inteference problem since moving frequency band. 
After adapting FDM ICO, there is no restriction of resource allocation and resource control and, that is, LTE system would normally operate without any RRC changes. 

However, if 2) is not available and 1) is used, the LTE system should reconfig a RRC connection to satisfy a frequency band change. In case of Scell’s band change, it is similar to a RRC reconfiguration procedure, and in case of Pcell’s band change, a HO procedure. For RRC reconfiguration procedure, the corresponding frequency band could not be allowed by eNB. For example, when too many UEs have been configured to the corresponding frequency band, eNB could not allow any other UEs to move or hand over the frequency band. That is, FDM ICO through the frequency change of the LTE system could not be always available, and should obtain a eNB’s response to mitigate an iterference for in-device coexistence.
- There would be no restriction of resource allocaton. Interference of in-device coexistence could be efficiently mitigated.
- It shoud be allowed by eNB whether to run FDM ICO or not.
Observation 2: TDM ICO characteristics
TDM ICO could be applied even though there is only one available CC due to a eNB’s capacity, a load balancing problem, or so on. That is, TDM ICO would be independant from frequency band status. Hence, TDM ICO would not be rejected by eNB’s frequency band reconfiguration, and there be no cases that TDM ICO operation is not allowed.
However, [2] shows a case that TDM ICO could not sufficiently mitigate in-device interference. TDM ICO would mainly focus on protecting the the subframe of important control message transmissions, since in-device interference pattern is so dynamic. Further, if unusable resource region by TDM ICO is too broad, the QoS of a communication might not be satisfied.
- Even if not available frequency band for FDM ICO, TDM ICO could resolve interference problem for in-device coexistence.
- There would be restriction of resource allocation. If restriction of resource allocation is too strong and hence available resource is too scarce, the QoS of a communication might not be satisfied.
- Due dynamic pattern of in-device interference, TDM ICO could not sufficiently mitigate interference.
3 Operation scenario of FDM and TDM ICO
There are several possible operatio scenarios of FDM and TDM ICO.
Scenario 1: TDM ICO after trying FDM ICO
In view of interference mitigation, FDM ICO is more efficient than TDM ICO. UE might try FDM ICO for sufficient interference mitigation, and then if there is no available frequency band for FDM ICO, it might request TDM ICO to eNB.
Scenario 2: FDM ICO after trying TDM ICO
Even if TDM ICO, in-device interference would sufficiently be diminished and there would be no room to restrict resource allocation. In that case, UE could retry FDM ICO because there could occur a usable frequency band. For example, load balancing function resolve the feasiblity of not-usable frequency band.
Scenario 3: More-restricted TDM ICO during TDM ICO operation
Even if TDM ICO, in-device inteference would sufficiently be diminished and there would be a more room to restrict resource allocation. In that case, UE could request ‘a denser TDM ICO pattern to eNB’. ‘A denser TDM ICO pattern’ means ‘having more blank transmission in time manner’.
Finally, We suggest to study more about operation scenarios of FDM ICO and TDM ICO in future meeting.

Proposal 1: Suggestion of studying more about operation scenarios of each ICO scheme in future.

4 Conclusion

Here are observation about characteristics of each ICO.
Observation 1: FDM ICO characteristics
- There would be no restriction of resource allocaton. Interference of in-device coexistence could be efficiently mitigated.

- It shoud be allowed by eNB whether to run FDM ICO or not.
Observation 2: TDM ICO characteristics
- Even if not available frequency band for FDM ICO, TDM ICO could resolve interference problem for in-device coexistence.

- There would be restriction of resource allocation. If restriction of resource allocation is too strong and hence available resource is too scarce, the QoS of a communication might not be satisfied.

- Due dynamic pattern of in-device interference, TDM ICO could not sufficiently mitigate interference.

Here are possible operation scenarios of FDM ICO and TDM ICO.

Scenario 1: TDM ICO after trying FDM ICO

Scenario 2: FDM ICO after trying TDM ICO

Scenario 3: More-restricted TDM ICO during TDM ICO operation

Proposal 1: Suggestion of studying more about operation scenarios of each ICO scheme in future.
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