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1 Introduction

During the RAN2#72 meeting, the following agreement and notes for FDM solution was captured in meeting minutes.
	Agreements:

1: 
Will as a baseline take the UE judgement as the approach for FDM solution: the UE will indicate which frequencies are (not) useable due to in-device coexistence.

FFS if additional information would be useful to report to enable different handover policies in the eNB based on the actual interferer

FFS how this indication is transmitted (e.g. new report, CQI dummy values, dummy RSRP measurement,...)


In order to determine whether the additional information would be useful and which indication should be transmitted, it is important to first discuss the fundamental trigger philosophy: proactive or reactive. Then the necessity of measurement report and the corresponding problem could be further discussed.
2 Proactive or Reactive? 
RAN2 has agreed to allow UE judgment as the baseline approach for FDM solution, where the open issues on what additional information need to report and how indication is transmitted are also identified. In addition, how UE could make the judgment on the frequency to report is also another problem should be investigated.

All these open issues actually come from the fundamental problem on which philosophy is applied to trigger FDM solution:

1) Proactive Trigger

2) Reactive Trigger
2.1 Proactive Trigger of FDM Solution

By definition, proactive trigger is to activate FDM coexistence interference avoidance mechanism before the coexistence interference really happen. For example, this may be realized by activating the FDM solution once the ISM radio is turn on or once such UE camp on the to the eNB.
The benefit of proactive trigger, compare with the reactive trigger, is that user may not experience the performance degradation by in-device coexistence interference at all, because the FDM interference avoidance will be triggered much earlier than the happening of interference. But the problem is the unnecessary handover events and result in eNB difficulty to manage the loading over different frequencies.

For example, UE may assume the interference is going to happen and judge coexistence interference over frequencies #1, #2 and #3 will be unacceptable, so it make the report to eNB and hope eNB can handover it to frequency #4 (i.e. farthest away from ISM band). After handover and the real activation of ISM radio transmission, the real coexistence interference may only be unacceptable over frequency #1 (e.g. because UE be served by the farthest WiFi channel). So the proactive trigger may not be precise until the real transmission is started, trigger in proactive manner may result in eNB confusion on handover decision.
2.2 Reactive Trigger of FDM Solution

By definition, the reactive trigger is to activate FDM solution after the coexistence interference really happens. For example, the trigger may base on the measurement with assistance by internal signaling to estimate the actual interferer.
The disadvantage of reactive trigger, compare with the proactive trigger, is that user may experience the interference for a period of time until the FDM interference avoidance solution is executed. On the other hand, the major advantage of reactive trigger is to prevent the unnecessary trigger of FDM solution to save network resource. For example, UE may only have WiFi data access over certain period of time per day and does not need the assistance to prevent WiFi coexistence interference to LTE during the rest time. Moreover, sometimes UE can actually afford the impact by coexistence interference from ISM radio because of good LTE received signal strength.
Although the reactive trigger may result in short-term interference before activating interference avoidance solutions, it may still be more preferable than proactive trigger by considering the unnecessary network resource consumption. 
Proposal 1  Reactive trigger for UE reporting is considered as the baseline for FDM solution
3 Trigger of UE Reporting base on Measurement or Not?
The next problem will be whether the trigger of UE reporting should base on measurement or not. Considering the current RAN2 agreement that UE is able to report useable or unusable frequencies to eNB, the criteria for UE reporting trigger should be consistent with the criteria for usable/unusable frequency judgment.

There are two possible options:

a) Trigger of UE reporting does not base on measurement
b) Trigger of UE reporting is based on measurement 
For option a), trigger of UE reporting can base on some kind of internal signaling. But eNB will not be able to differentiate if the interference problem is significant or not. This may result in the risk to confuse eNB due to different UE implementation, e.g. some UE judge in aggressive manner while some may judge in conservative manner. For example, some UE may trigger the reporting whenever the ISM radio is transmitting and request eNB assistance. This can relax UE implementation by having network support to move LTE signal away but will result in higher network resource consumption. If there is no restriction by the specification, it will be difficult to prevent UE vendor to implement in this way.
For option b), trigger of UE report to eNB will base on real measurement. This can ensure UE not to trigger the reporting in arbitrary manner, where eNB can also have clearer understanding on the level of coexistence interference problem from UE side and possibly apply different policies base on the actual interferer.
Proposal 2  Trigger of UE reporting for FDM solution is based on measurement 
4 Can RRM Measurement Work Efficiently?
According to TS 36.214, the reference signal received power (RSRP) is identified as the liner average over the power distributions of the resource elements that carry cell-specific signals within the considered measurement frequency bandwidth. The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled. Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

Base on the current specification, how the RSRP and RSRQ measurement are sampled in time domain left up to UE implementation. Because the current Rel-8/9/10 UE implementation does not consider the requirement of the measurement to estimate in-device coexistence interference, most likely the following problem may happen if the existing design is directly reused.
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Figure 1 RRM measurement problem on coexistence interference estimation

Because the ISM radio transmission may be bursty due to traffic characteristic, it is possible that the RSRQ measurement sample does not happen at the time where the ISM radio is transmitting. Another example on Bluetooth (BT) is that the coexistence interference power from BT may not be the same all the time because of frequency hopping operation. Both of these effects will result in the variation on the UE measurement result, which will further result in the difficulty to have consistent trigger condition among different UE vendors. Regardless of the detail UE measurement algorithm, there may be two obvious directions when considering the requirement of UE measurement for coexistence interference estimation:
i) UE measurement does not consider the existence of coexistence interference

ii) UE measurement will consider the existence of coexistence interference

Without considering the existence of coexistence interference or not, the measurement result cannot provide correct information regarding to the actual interferer. It may be reasonable to consider option ii) when developing the UE measurement requirement for coexistence interference estimation.
Proposal 3  UE measurement should consider the existence of coexistence interference 
5 Conclusion
Base on the investigation and analysis in this contribution, RAN2 is requested to consider the following proposals:
Proposal 1  Reactive trigger is considered as the baseline for FDM solution
Proposal 2  Trigger of UE reporting for FDM solution is based on measurement 
Proposal 3  UE measurement should consider the existence of coexistence interference 

