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1 Introduction
At RAN2#71 meeting, several modes and potential solution directions for interference avoidance have been agreed [1-3]. In our understanding, from LTE perspective, moving LTE signal away from ISM band is a simple solution direction and can achieve good performance if applicable. In this contribution, we would like to provide more detailed analyses on this solution direction.
2 Discussion
In current LTE specifications, for connected UE the typical solutions of moving LTE signal away from ISM band include RLF and handover [4, 5]. At the last RAN2 meeting, three modes for interference avoidance were agreed [1]. In this section, we will analyze this potential solution direction under different modes, based on which the deficiencies of existing mechanisms and required enhancements could be presented.
2.1 Moving LTE signal away from ISM with uncoordinated mode

1) RLF

When interference from ISM system occurs, downlink radio link quality of LTE will be deteriorated, which may result in UE experiencing RLF. Further, RLF will initiate RRC re-establishment, by which UE may select to an inter-frequency cell. Therefore, RLF can be considered as a candidate mechanism for UE to avoid interference from ISM system [4, 5]. However, when there is no any coordination, reusing existing RLF mechanism to solve the coexistence issues has the following deficiencies:

· Long delay: Declaration of RLF will take a long delay for UE [4, 5], which may have impact on user experience, especially for time critical services. To reduce the delay, speeding up the RLF declaration is a potential improvement, but it requires UE to correctly distinguish whether the interference is coming from ISM or neighbouring cell. Without any coordination, however, UE can only rely on SINR to evaluate the channel quality, by which UE can not tell directly whether the interference is from ISM within the UE or neighbouring cell.
· Ping-pong effect: Even if the UE connects to another frequency after re-establishment, it is still possible that eNB will handover the UE back to the problematic frequency when the network is not aware of the interference experienced within the UE.
· Failure of re-establishment: After RLF declaration, if the selected cell has no valid UE context, the re-establishment would still fail and UE experience would be severely deteriorated.
2) HO

When RSRQ is configured for mobility and deteriorated by ISM, a handover procedure is likely to be triggered. Because all intra-frequency cells are interfered by the ISM activities, RSRQ of all intra-frequency cells might not be much better than that of serving cell. It means that measurement report is more likely to be triggered by an inter-frequency cell. Hence handover can be viewed as another candidate mechanism for UE to avoid interference from ISM system [4]. However, when there is no any coordination, reusing this mechanism still exist some problems: 
· Configuration of RSRQ: All UEs need to be configured with RSRQ measurement, even for those UE without ISM inside
· Long delay: Due to lack of coordination, even if the LTE radio is seriously disturbed by ISM transmission, the UE has to wait for expiration of TimeToTrigger (which is normally several hundreds ms) to trigger measurement report, which would be unacceptable for some services
· UE may not receive handover related messages, e.g. handover command reliably due to interference from ISM, which may result in RLF finally

Furthermore, current RRM measurement cannot indicate anything about the interference from LTE to ISM/GPS to the network and UE if without coordination. If LTE side is not disturbed, RLF and HO procedure will not be triggered at all. 
Observation 1: Without any coordination, reusing current RLF and HO mechanism cannot effectively solve all the coexistence issues.
2.2 Moving LTE signal away from ISM with coordinated within UE mode

As described in TR 36.816 [6], in this mode, there is an internal coordination between the different radio technologies within the same UE, which means that at least the activities of one radio is known by other radio. However, the network is not aware of the coexistence issue possibly experienced by the UE and is therefore not involved in the coordination. We will analyze by means of UE internal coordination, whether some deficiencies of reusing existing RLF and HO could be overcome.
1) RLF

From delay aspect, in this case, it is feasible to reduce the delay of RLF declaration with smart UE implementation. For example, as soon as the interference (both from and to LTE radio) occurs or even before that, the UE could declare the RLF directly, thus initiating the re-establishment to another frequency. 
However, the risks of ping-pong and entering into idle mode due to re-establishment failure still exist.

Furthermore, during the discussion of last RAN2 meeting, some companies expressed the concerns on such kind of fake RLF and would prefer to keep network control on the UE behavior [1].
2) HO

With smart UE implementation, it is feasible that transmission of ISM radio could be temporarily paused when LTE radio is receiving the HO related message, so that the success rate of HO could be ensured. However, due to lack of network involvement, the UE can only use existing RRM measurement report to trigger HO. It is still possible that RSRQ reporting is not configured and delay caused by large TimeToTrigger value cannot be avoided.
Observation 2: With coordination within UE, the effectiveness of using RLF and HO mechanism to solve the coexistence issues could be improved, but some deficiencies still cannot be overcome.
2.3 Moving LTE signal away from ISM with coordinated with UE and network

As described in [6], in this mode, different radio technologies within the UE are aware of possible coexistence problems and the UE can inform the network about such problems. It is then mainly up to the network to decide how to avoid coexistence interference. Hence, in this case, UE could mainly rely on network controlling operation, i.e. HO, instead of autonomous operation, i.e. RLF to avoid the coexistence interference, since using HO can normally achieve better user experience than using RLF.
With this mode, the UE could send a specific indication to the network, based on which the eNB could know the coexistence interference status experienced by the UE, and thus triggering the HO if necessary. The problems of without RSRQ reporting configuration and delay resulted from TimeToTrigger don’t exist anymore.

Proposal 1: It is proposed to adopt HO with coordinated within UE and with network as the baseline solution of moving LTE signal from ISM band. Coordination within UE should ensure that the HO procedure can be successfully performed.
As for the content of indication sent from UE to network, we try to give some initial considerations as follows. 
· The signal level/quality of the serving cell and other non-intra-frequency neighbouring cells: With this information, eNB could judge whether it is suitable to handover a UE from a problematic frequency to another frequency.
· Type of other coexistence radio, i.e. BT, WiFi or GNSS: Based on analyses in [7] we can see that, the interference from BT and WiFi to LTE may be different even if BT and WiFi work on the same frequency band, and vice versa. Based on this information, the eNB could determine how far the LTE signal needs to be moved.
· Frequency of other coexistence radio: With this information combined with the type of coexistence radio, the eNB could judge the extent of interference, so that the target frequency for HO or even necessity of using TDM solution can be determined.
Proposal 2: It is proposed to include at least the above information in the indication sent from UE to network. Further information needs to be indicated to network is FFS.
3 Conclusion

In this contribution, the solution direction of moving LTE signal away from ISM band is analyzed and following observations and proposals are given:
Observation 1: Without any coordination, reusing current RLF and HO mechanism cannot effectively solve all the coexistence issues.
Observation 2: With coordination within UE, the effectiveness of using RLF and HO mechanism to solve the coexistence issues could be improved, but some deficiencies still cannot be overcome.
Proposal 1: It is proposed to adopt HO with coordinated within UE and with network as the baseline solution of moving LTE signal from ISM band. Coordination within UE should ensure that the HO procedure can be successfully performed.
Proposal 2: It is proposed to include at least the above information in the indication sent from UE to network. Further information needs to be indicated to network is FFS.
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