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1 Introduction
In RAN2 it was discussed that current RRM such as RSRP, RSRQ,CQI  cannot be relied to detect that ISM interference is affecting LTE DL in band 40 [1][2]. Intermittent operation of ISM and the averaging across multiple sub frames hides the effect of ISM interference. It was suggested in [3] that if LTE and ISM coordinator informs LTE at sub frame (or multiple sub frames) level granularity the event of ISM transmission so that LTE take measurement only in those sub frames and later use it as trigger to decide and/or report that LTE DL is suffering from ISM interference. In this document we analyze the relevance of measurement performed only on those sub frames where ISM transmission took place can be used as trigger to inform eNB that UE is affected by ISM or not?
2 Discussion
As mentioned in [3] that the interference due to ISM transmissions depends on the separation between the LTE and ISM frequencies, degree of transmit receive overlap between the two technologies, the transmit power level and spurious emissions of LTE and ISM technologies, antenna isolation, LTE and ISM RF filter and receiver blocking characteristics. Different level of ISM activity has different level of interference to LTE DL and hence correspondingly different levels of packet loss. In RAN2#72Bis it was presented in [3] that A 1500 byte packet takes approximately 4 LTE OFDM symbol:

Portion of text and figure from [3]
	Assuming a substantial amount of data transfer (which is when ISM interference problems are more likely), there can be a continuous transmission of packets with successive packets separated in time as shown in Figure 1.
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Figure 1: Interference to LTE due to continuous WiFi transmission




To be more accurate in determining exactly how much time overlap with LTE and WiFi can happen to transmit 1500 bytes at 54Mbit/s a calculation is given below:

Duration to transmit 1500 bytes of data (in 802.11g) = 20us (preamble) + (1500*8)/(54 Mbit/s) + 6 us (extension) = 248.22 us = 3.4 LTE OFDM Symbol.
Before considering DL measurement as criteria for UE to decide that trigger should be raised to inform eNB or not we should analyze if this can be used for all the conditions? 
Let us consider a likely scenario that UE is in good signal strength condition so if there is no ISM interference then measurements will be good. As mentioned above that WiFi transmission can overlap for 3-4 LTE OFDM symbol time duration. Instead of considering extreme cases of continuous WiFi transmission let us consider that there is one WiFi transmission per LTE sub frame time. In this case 3-4 LTE OFDM symbols out of 14 OFDM symbols will be fully corrupted. In LTE 4 OFDM symbols contain Reference Signals (RS) which are used for measurement. OFDM symbols containing RS are distributed in time. WiFi transmission of 4 LTE OFDM symbol lengths can corrupt one LTE symbol with RS. Figure 2 shows the overlap of LTE OFDM symbols and WiFi transmission.  It can be seen that 75% of Reference Signals are still unaffected by WiFi transmission. If averaging is performed across a sub frame for measurement then one corrupt OFDM symbol with RS out of four OFDM symbol with RS can bring down the measurement to 75% of the original case if there is no ISM transmission.  Since Signal condition is good; 75% of the original can still be considered as good whereas loss of 4 OFDM in a sub frame will cause the loss of complete packet in that sub frame.
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Figure 2: Corruption of LTE OFDM symbols by WiFi Transmission
If this happens in all sub frames (which is very much likely scenario) then measurement will not reflect the presence of ISM where as all the packets will be getting lost. In this case if measurement is taken as criteria to trigger the indication then UE will end up silently suffering from ISM. This will ultimately lead to many retransmissions and hence throughput loss and possibly RLF. 
Observation 1: It is clear from the discussion above that if measurement is finalized as criteria to trigger the indication to inform eNB that UE is suffering from ISM then it will not be useful in many cases. 
Observation 2: Measurement as criteria for trigger to inform in-device co-existence issue to eNB has potential to make UE silently suffer from ISM as measurement values might be good but packets are corrupted. 
The discussion so far is restricted to band 40 (TDD). In RAN2#72Bis it was argued that band 7 is not an issue. However as per [4] approximately 50 MHz center frequency space is needed. This means LTE operation in lower part of band 7 has potential to completely corrupt WiFi operation in some channels close to band 7. It is agreed that the developed solution should protect ISM as well because ultimately user experience will get affected. Even for band 40 when ISM DL is getting affected by LTE UL then also measurement cannot help to identify the co-existence issue. It is already agreed in [4] that cases where LTE DL is not at all affected measurement cannot be used as criteria to trigger the indication to inform the in-device co-existence issue to the eNB.  
Observation 3: Measurement as criteria for trigger to inform in-device co-existence issue to eNB  is not complete solution as it is not applicable for band 7 and band 40 LTE UL affecting ISM DL. 
If we think to define all the criteria when UE should trigger to send indication to eNB to inform that UE is suffering from ISM then we should consider that It is difficult to list down all reasons to consider as criteria for trigger of indication to eNB that UE is suffering from ISM interference.

Observation 4:  It is difficult to capture exhaustive list of criterion for trigger to inform in-device co-existence issue to eNB. 
3 Proposal
Proposal 1: Based on observations 1, 2, 3, 4 we propose that relevance of measurement as trigger to indicate ISM interference to eNB is low. It is better to keep trigger as UE implementation. 
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