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1 Introduction

The new SI on interference avoidance for in-device coexistence has been approved in the RAN plenary. At the last RAN2 meeting, possible challenges and potential solutions have been discussed [1-3]. In this contribution, deficiency of existing mechanisms is further analyzed. Based on these analyses, working assumption and potential enhancement are given.
2 Discussion
The following discussion is firstly focusing on detecting and avoiding interference from ISM to LTE Band 40, since this is the most serious scenario from LTE point of view. And then we will show that similar observation or conclusion could be applied to other coexistence interference scenarios as well.
When LTE Band 40 and ISM are deployed in the neighbouring frequency bands, the reception of LTE system may be impacted by ISM transmission at the same time. Currently, the activities of UE in RRC-connected are based on DL assignment and UL grant signalled by eNB, which are performed independently from ISM system. At same time, UE in RRC-Idle needs to receive paging message in predefined occasions and possible SI/ETWS/CMAS messages in some special occasions, which are also performed independently from ISM system. So the interference from ISM may have impact on the LTE UE in both RRC-Connected and RRC-Idle mode.
Proposal 1: Schemes need to be investigated to avoid impacts on LTE from ISM for the UE in both RRC-Connected and RRC-Idle mode
2.1 Analyses based on independent architecture and existing mechanisms
In this section, we firstly assume that ISM and LTE radio within the UE work independently, which means there is no communication interface between these two technologies. This implementation architecture is named as independent architecture, in which it seems that interference from ISM part can only be detected based on existing measurement defined in LTE.
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Figure1 Independent architecture
According to existing design of LTE, RSRP/RSRQ/CQI are three typical measurement means:

· RSRP is Reference Symbol Received Power, which only depends on reference symbol power and is not related to interference, so it can not be used to determine whether interference is from ISM activities.

· RSRQ is Reference Symbol Received Power, which indicates not only the reference symbol power, but also the interference from both neighbouring cell and neighbouring system. Hence, it can be used to indicate whether interference exists, but it can not distinguish whether the interference is from neighbouring cell or concurrent operations of other technologies, e.g ISM radio within the same terminal.

· CQI is the Channel Quality Indicator used to indicate the radio link quality, which is related to not only signal power, but also interference from both neighbouring cell and neighbouring system. Similar with RSRQ, it can not distinguish whether interference is from ISM.

For UE in RRC-Idle, RSRQ will be deteriorated when interference from ISM system occurs, which will trigger intra-frequency/inter-frequency/inter-RAT measurement and subsequent reselection. Because all intra-frequency cells are interfered by the same ISM, RSRQ of all intra-frequency cells might not be much better than that of serving cell, which will cause UE to reselect to an inter-frequency cell.
For UE in RRC-Connected, two procedures may be triggered to help UE avoid the interference from ISM system in current LTE design, which are RLF and handover:

· 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 [1, 2]. However, declaration of RLF will take a long delay for UE [1, 2], 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. According to the definition of RLF, however, SINR is used as the indication of channel quality, by which UE can not tell directly whether the interference is from ISM within the UE or neighbouring cell.
· 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 [1]. However, this mechanism still exists some problems: (1) all UEs need to be configured with RSRQ measurement, even for those UE without ISM inside; (2) Due to uncoordinated configuration of mobility related parameters, e.g. TimeToTrigger, it is likely that the delay of triggering measurement report is unacceptable for some services; (3) UE may not receive handover related messages, e.g. handover command reliably due to interference from ISM, which may result in RLF finally.
The above candidate mechanisms belong to frequency domain solutions, i.e. enabling UE to operate on frequency far away from the interference. However, it might not work well for UE to find a suitable inter-frequency cell to camp or connect to in all scenarios. Some example scenarios are listed as follows:
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Figure 2 Example deployment scenarios
1) In scenario1, network is deployed with single sub-band. UE can not reselect/handover to neighbouring cells to avoid interference from ISM. In the worst case, the UE may experience out of service finally if the interference is serious.
2) In scenario 2, network is deployed with multiple sub-bands, and the neighbouring eNB is deployed with different sub-bands. UE locating in the centre of the cell may not find a suitable inter-frequency cell for reselection or handover when interference from ISM occurs. In the worst case, the UE may experience out of service finally if the interference is serious.
3) In scenario 3, eNB is deployed with multiple sub-bands and same coverage is provided by these sub-bands. So UE can find available inter-frequency cell even when it locates in the centre of the cell. However, the inter-frequency cells may not be suitable for reselection or handover, because all available frequency subbands for LTE may be seriously disrupted by ISM, e.g. when ISM transmits on the lowest 20MHz of ISM band [4, 5].
From the above analyses we can see that, in the context of independent architecture, current measurements and subsequent RLF, HO and cell (re)selection cannot avoid the coexistence interference on LTE Band 40 from ISM in all the cases. For the scenarios that LTE interfering with other in-device systems [5], e.g. Band 7 impacts on ISM and Band 13/14 impacts on GPS, LTE is totally unaware of the resulted interference and then no action from LTE side is foreseen.
Observation: With independent architecture and existing mechanisms, the impacts on LTE from ISM cannot be effectively eliminated in all the cases, and the interference on other technologies from LTE cannot be detected and avoided.
2.2 Coordinated architecture and potential solutions
According to the above analyses, it is necessary to investigate more effective architecture and mechanism than independent architecture and existing frequency domain solutions. Time sharing is a kind of solution that is promising to be applicable for all the interference scenarios discussed in [5], i.e. only allowing one of the interfering radios to operate at a time. As discussed in [1], however, due to no coordination between LTE and other system, the time sharing between different technologies becomes unpredictable and complicated. In order to overcome this, it makes sense to assume that a central controller is implemented within the UE, which is responsible for the coordination between the LTE and other systems [6]. 
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Figure3 Coordinated architecture

Coordinated architecture can assist UE to not only perform time sharing solution, but also optimize frequency domain solution. For example, with this architecture, LTE part is possible to be informed about the upcoming ISM interference or ongoing interference immediately, which permits eNB has time to handover UE to a suitable inter-frequency cell in advance, or trigger UE to declare RLF directly. Furthermore, by means of coordinated architecture, LTE could be aware of its interference on other systems, e.g. ISM and GPS, so that appropriate actions from LTE side could be taken.
Certainly, the coordinated architecture may also bring some challenges for UE implementation, and even coordination between different standard organizations is possibly required. Necessary work to enable and make use of the coordinated architecture needs to be studied during this SI phase.
Proposal 2: It is proposed to consider the coordinated architecture as the working assumption for study on enhanced solutions. Necessary work to enable and make use of the coordinated architecture needs to be studied during this SI phase.
3 Conclusion
Based on the above analyses, the following observation and proposals are provided:
Observation: With independent architecture and existing mechanisms, the impacts on LTE from ISM cannot be effectively eliminated in all the cases, and the interference from LTE to other technologies cannot be detected and avoided.

Proposal 1: Schemes need to be investigated to avoid impacts on LTE from ISM for the UE in both RRC-Connected and RRC-Idle mode

Proposal 2: It is proposed to consider the coordinated architecture as the working assumption for study on enhanced solutions. Necessary work to enable and make use of the coordinated architecture needs to be studied during this SI phase.
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