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1 Introduction
A work item on signalling and procedure for interference avoidance for in-device coexistence has been agreed in RAN#53 meeting [1] as continuation of corresponding study item. This contribution is to highlight main conclusions of the SI and give some potential work in the WI phase.
2 Discussion
2.1 Main conclusions of the study item

During the study item phase, the coexistence interference scenarios and usage scenarios that need to be considered have been identified. In order to solve the in-device coexistence issues in these scenarios, the modes of interference avoidance and potential solutions were studied. More details could be found in TR 36.816 [2]. After more than one year’s discussions, the following main conclusions were drawn as the outcome of this study item:

1） Regarding the usage scenarios to be considered, the prime focus is to support data communication over one type of ISM radio when LTE is also active at the same time.
2） With respect to the modes of interference avoidance, at least an internal coordination between different radio technologies within the UE should be assumed when defining solutions.

3） FDM solution is believed to be a feasible solution to resolve the in-device coexistence issues.
4） DRX based TDM solution is believed to be a feasible solution to resolve the in-device coexistence issues.
5） At this stage, it seems impossible to come up with a unified TDM solution to solve coexistence issues of all the usage scenarios. The possibility of unified signalling approach could be investigated during work item phase.

6） It has been confirmed that any media sharing solution will come at a cost for LTE.
2.2 Continuation in the work item
2.2.1 Signalling and procedure to support interference avoidance solutions
Indication of coexistence problems is aiming to make the network aware of the in-device coexistence interference experienced by the UE and provide necessary information to assist network to take appropriate actions. At the initiation of LTE network-controlled UE-assisted solutions, the UE can send an indication to the network to report the coexistence problems. Depending on the conditions of in-device coexistence interference on the serving frequency and non-serving frequencies, four scenarios were considered during the SI stage. RAN2 agreed that the triggers of indication should focus on scenarios of on-going interference on the serving frequency and/or non-serving frequencies [2]. Since existing LTE RRM measurement cannot be used to detect the coexistence problem or guarantee timely trigger of indication, what the trigger should be based on, e.g. new measurements or UE internal assessment have received attention in the SI phase. How to limit unnecessary triggers/trigger misuse e.g. by defining new measurements or new test cases can be further discussed in the WI, and RAN4 is expected to take the main responsibility.
With respect to the content of the indication, different assistant information is required by different solutions [2]:

- For the FDM solution, which frequencies are unusable due to in-device coexistence is required to be indicated

- For the DRX based TDM solution, a suggested TDM pattern can be signalled to the eNB, including e.g. periodicity of the TDM pattern, scheduling period, or other necessary information for pattern determination
As for the transmission of the assistant information, at least two candidate procedures could be foreseen, as shown in the Fig. 1:
- Assistant information for FDM and TDM is reported together

- Assistant information for FDM and TDM is reported separately
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Figure 1 Candidate schemes for reporting assistant information

If the interference situation changes significantly, the UE should send an indication to the network to report the updated interference situation. Furthermore, in case of inter-eNB handover, target eNB should be aware of the coexistence problem within the UE to avoid ping-pong handover back to the problematic frequency. The following two options have been identified during SI phase to transport (part of) the information to a target eNB [2]:
- The information is transferred from the source to the target eNB;

- The information is reported again by the UE to the target eNB
The detailed signalling and procedure of providing assistant information in the above cases, i.e. initiation, update and inter-eNB handover will be discussed and specified in the WI. One of the objectives of the WI is to identify the relationship and coordination among different solutions and investigate the possibility of specifying unified signalling approach.
2.2.2 Further work on DRX based TDM solution
Based on assistant information reported by the UE, the network can adopt appropriate solution to solve the coexistence interference. Besides FDM solution, TDM solution based on existing DRX mechanism has been considered as a feasible solution. It was captured in [2] that flexibility principles from existing DRX mechanism will apply, i.e. variable scheduling/unscheduled period is possible. It is true that DRX active time could be variable by appropriate UL/DL scheduling, SRS configuration, DRX Command MAC CE usage, SR/RACH transmission, etc. However, whether ISM side could easily follow the variable scheduling/unscheduled period for each DRX cycle is questionable. In order to avoid LTE (re)transmission falling into preconfigured unscheduled time, LTE has to stop initial grant far from the end of scheduling period. Based on an example performance analysis for FDD, the UE available data rate drops to 14% relative to the peak date rate [2]. By means of optimized configuration of DRX and HARQ, the UE available data rate could be improved to e.g. 33% of the maximum value. An initial evaluation on the optimized DRX mechanism didn’t show significant gain, because it is compared from the peak-rate point of view. Considering that a UE will not always be scheduled in every subframe, larger gain is expected in normal case. Moreover, the potential enhancement is worth being investigated to reduce the data loss rate caused by using existing DRX mechanism. Therefore, it is still necessary to identify and evaluate possible enhancements for existing DRX mechanism to better handle coexistence issues.
During the most time of the SI phase, it seemed impossible to come up with a unified TDM solution to solve coexistence issues of all the usage scenario. DRX based solution was considered as not applicable to the scenario of LTE+BT earphone (VoIP service), while HARQ process reservation based solution seemed not applicable to the scenarios of LTE+WiFi. In the last meeting of the SI, using appropriate DRX settings (possibly with some new parameter values) to support HARQ compliant TDM pattern was proposed in [3]. Based on initial analysis, this solution can achieve similar performance to the corresponding HARQ process reservation solution and seems feasible for LTE+BT VoIP scenario with some limitations (e.g. not applicable for TDD configuration 6). Since this solution was discussed only once, people should be allowed to have more time to analyze it during the early phase of the WI to identify whether it is sufficient to resolve coexistence issues of LTE+BT VoIP scenario. 
2.2.3 How to protect reception of important ISM signalling
To protect reception of rare periodic or non-periodic ISM events, autonomous LTE denial has been proposed and evaluated during the SI stage. It has been concluded that UE occasionally skipping an LTE UL transmission without any limitation is not acceptable due to its impact on LTE performance, especially on PDCCH link adaptation accuracy and PDCCH capacity [2]. Enhancements to the autonomous LTE denial and some alternative solutions have been proposed, e.g.
- Using autonomous LTE denial with UE providing additional signalling (e.g. denial timing or period) to the network to handle rare periodic/non-periodic ISM events, and the eNB could possibly feedback a maximum denial rate [4]
- Using DRX mechanism to handle ISM beacon reception [5]

- Using indicator of LTE denial from UE plus DRX mechanism to handle rare periodic/non-periodic ISM events [6]

Due to the limited time, no agreement on this issue was reached in the SI stage. The above solutions or other candidate solutions could be further evaluated and selected enhancements can be specified in the WI stage.
2.2.4 Other aspects
If the above solutions are deemed not sufficient to resolve coexistence issues in all the usage scenarios, other solutions identified during the SI, i.e. HARQ process reservation based solution, uplink scheduling restriction based solution and LTE power control solutions can be further discussed. Selected ones based on the evaluation in terms of gain and complexity can be introduced to the relevant specification.
Furthermore, RAN4 can also continue to evaluate and analyze in-device interference from RF point of view for selected scenarios/solutions, if necessary.
3 Conclusion

This contribution is to kick-off the WI on signalling and procedure for interference avoidance for in-device coexistence. Based on main discussions and agreements of the SI stage, how to pursue the standardization work in the WI phase for resolving in-device coexistence issues is proposed.
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