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1      Introduction 
During RAN#53 plenary stage 2 work for signalling and procedure for interference avoidance for in-device coexistence was approved [1]. One of the objectives of this WI is to specify the indication used by UE to report the ongoing in-device co-existence issue to the eNB so that eNB can help in resolving the issue. It is assumed during SI stage some FDM assistance data and some TDM assistance data will be sent from UE to eNB. In this contribution we discuss what all are possible information as part of FDM assistance and TDM assistance data. 
2      Discussion 

During SI phase there was common understanding in RAN2 that the UE can send an indication to the network to report the coexistence problems and the adopted coexistence solution is decided by the network i.e. (LTE network-controlled UE-assisted paradigm). The indication will be consisting of FDM assistance data and TDM assistance data. We analyse one by one what are the possible information elements one by one discussing them as the requirement.
When ISM starts operation certain LTE frequencies experience interference. Depending upon ISM frequency of operation and power level LTE frequencies get affected. UE should inform upto what all frequencies are un-usable. So that when eNB decides to provide FDM solution to UE it reconfigures the measurement configuration in such a way that un-usable frequencies are excluded from the measurement configuration. 
Similarly when LTE operates at certain frequency and at certain power level then it affects ISM. UE should inform the farthest LTE frequency from ISM which is un-usable.

As Bluetooth performs frequency hopping for every slot so it will be affecting different LTE frequencies. From simplicity and consistency point of view it is better that UE should report farthest LTE frequency from ISM when BT operation is performed closest to LTE band during frequency hopping of BT.

Requirement 1: UE should inform the farthest LTE frequency from ISM which is un-usable.

Depending upon LTE and ISM transmission power level it is possible that either both LTE and ISM are affected or only one of them is affected. It will be beneficial for eNB to know this information. Figure 1 explains this situation.
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Figure 1: Various Interference scenarios
Requirement 2: UE reports to eNB the direction of interference. i.e. only LTE to ISM or only ISM to LTE or both directions in-device interference.
For LTE+ BT voice case TDM solution short DRX is proposed as a mechanism. It has been shown that it is possible to derive DRX parameters for a pattern of ON/OFF activity of LTE so that LTE and BT voice case can work. Still some more issues remains to make the DRX predictable so that inter-module communication can be reduced and solution can be implemented. The short DRX solution requires various decision from eNB to be taken like what will be ON period, what will be DRX, when UL will be schedule (even when it is falling in DRX) etc. It is better that this mechanism of derivation of DRX parameters and scheduling related issues be handled at eNB. Whereas UE just provides the bit map pattern which it derives after aligning BT timeline with LTE in such a way that there are least number of collisions. It has already been discussed in detail that HARQ process reservation bit map is well suited. [2] Has shown how is it possible to derive DRX parameters based on the HARQ process reservation bit map. 
Requirement 3: To handle LTE+ BT voice case to avoid complexity at UE side in deriving short DRX parameters UE shall send HARQ process reservation bitmap from which eNB derives the corresponding short DRX parameters. 

It is known that there are some optimal points where if BT is aligned to LTE in those points then are are least amount of collision. It has shown in [3] and also agreed in last RAN2 meeting that it is beneficial to provide offset between LTE and BT for LTE+BT voice case so that there are better flexibility in handling the short DRX solution for BT master as well as slave case. 
Requirement 4: UE shall provide the offset between LTE in BT to assist flexibility in handling the short DRX solution for BT master as well as slave case. 

It has been discussed that LTE+BT (multimedia services) and LTE + WiFi it is sufficient to provide long ON/OFF pattern. Similarly for LTE+GNSS DRX can work by providing 20 ms DRX period. As captured in TR 36.816 that GNSS only needs certain percentage of interference free time every 20 ms. It is better it is left to the eNB implementation that it wants to handle it using DRX or just by not scheduling this UE more than what UE has indicated because short DRX is a heavy solution compared to what is required. So combining LTE+BT (multimedia service), LTE+WiFi and LTE+ GNSS if UE just report required percentage of time every cycle for ISM/GNSS operation then it is sufficient. For example UE can indicate 45 % every 102 ms cycle for LTE+ WiFi or 50% every 20 ms cycle for LTE+GNSS. Based on this information if eNB wants to derive DRX parameters for all cases it can derive DRX parameters and configure the UE accordingly. 

Requirement 5: For LTE+BT (multimedia service), LTE+ WiFi and LTE+ GNSS if UE just report required percentage of time every cycle for ISM/GNSS operation then it is sufficient. eNB can take these parameters for either deriving DRX parameters or scheduling decision.
For some rare scenarios of ISM signalling or WiFi beacon handling if it is required for UE to perform LYE UL autonomous denial then in our opinion no special signalling is required to be send to eNB either in advance or after autonomous denial. This is because autonomous denial will be used quite rarely. 
Proposal 1: It is proposed to consider requirement 1-5 as baseline for the information sent from UE to eNB in the in-device interference indication.
3      Proposals

Based on above discussion:
Requirement 1: UE should inform the farthest LTE frequency from ISM which is un-usable.

Requirement 2: UE reports to eNB the direction of interference. i.e. only LTE to ISM or only ISM to LTE or both directions in-device interference.

Requirement 3: To handle LTE+ BT voice case to avoid complexity at UE side in deriving short DRX parameters UE shall send HARQ process reservation bitmap from which eNB derives the corresponding short DRX parameters. 

Requirement 4: UE shall provide the offset between LTE in BT to assist flexibility in handling the short DRX solution for BT master as well as slave case. 

Requirement 5: For LTE+BT (multimedia service), LTE+ WiFi and LTE+ GNSS if UE just report required percentage of time every cycle for ISM/GNSS operation then it is sufficient. eNB can take these parameters for either deriving DRX parameters or scheduling decision.

Proposal 1: It is proposed to consider requirement 1-5 as baseline for the information sent from UE to eNB in the in-device interference indication.
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