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1 Introduction
In-device coexistence (IDC) issue between LTE in some bands (band 40 and band 7) and ISM technologies (Wifi and Bluetooth around 2.4GHz) was identified and studied in RAN4 and RAN2 [TR36.816] previously in Rel-11. As a study result, some signalling and procedures of IDC solutions such as FDM, TDM and autonomous denial have been standardized in RAN2 specification [TS36.331]. For the new SI of LAA [1], similar in-device interference exist because of sharing of 5GHz unlicensed spectrum between LAA and WLAN. In this contribution, in-device interference is analyzed for LAA and WLAN.
2 Discussion
In this section, we briefly discuss the in-device interference between WLAN and LAA operating in a same device. It is assumed WiFi and LAA have separate RF front end and antenna. In-device interference is discussed in two cases: WiFi/LAA operating in different 5GHz bands and WiFi/LAA operating in the same 5GHz band.
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Figure 1 UE architecture for LAA

The case that WiFi and LAA operating in different bands in the same device at 5GHz is very similar to WiFi and LTE operating around 2.4GHz (Band 40 and Band 7). In-device co-existence problem has been fully analyzed in the technical report for 2.4GHz. The desensitization of the victim receiver depends on the carrier frequency interval between the victim receiver and the interfering transmitter. When the distance of operating carrier frequency between victim receiver and interfering transmitter goes further, the in-device interference become less stringent because of the rejection of RF band filter. The detailed desensitization value for LAA and WiFi at 5GHz can be calculated and depends on the assumption of band filter performance.
The case is a little bit different for WiFi and LAA operating in the same band in the same device at 5GHz because there is no band filter isolation between these two systems. The interference (transmitter noise and transmitter power as a blocker) will cause severe self-desensitization no matter how far the frequency distance between the victim and the interferer and which level power is transmitted by the interferer. Some detailed desensitization analysis is given based on below assumptions:

Table 1 Assumptions
	
	LAA
	WLAN

	Bandwidth (MHz)
	20
	20

	Transmitter power (dBm/BW)
	23
	20

	Transmitter noise floor (dBm/BW)
	-60
	-60

	Receiver sensitivity (dBm/BW)
	-94
	-79

	Receiver maximum input level (dBm/BW)
	-25
	-25

	Antenna isolation (dB)
	12


Two kinds of interference affect the value of desensitization: spurious emissions in victim receive channel and in-band blocking signal in other channels. Here we use the transmitter noise floor which could be regarded as the minimum spurious emission in the calculation in order to find the minimum desensitization. The results are shown in Table 2 and in all other cases, the desensitization would be worse. Desensitization by blocking is always not worse than that by spurious emission. But if the blocking signal exceeds the receiver maximum input level, the receiver will be compressed, it means no matter how strong the wanted signal is, the throughput will become worse. In Table 2, we also calculate the transmitter power range which could compress the victim receiver.
Table 2 Desensitization
	
	LAA interfere WLAN
	WLAN interfere LAA

	Minimum Desensitization (from TX noise floor)(dB)
	31.8
	32.5

	TX power when victim RX compressed (dBm)
	>-13
	>-13


Under the interference to that extent, FDM approach in the same band may not help to mitigate the interference in any interfering transmitter power. But TDM approach could still work as an effective IDC solution. Also, the understanding of “in-device coexistence interference” defined in TR36.816 would need a little modification to reflect this new case.

In-device Coexistence Interference: when transmitting in one frequency band interferes with receiving in another, within the same UE. 

This should be modified to:
In-device Coexistence Interference: when transmitting in one frequency band interferes with receiving in the same band or another band, within the same UE. 
In Rel-11, IDC signaling and procedures defined in RAN2 for FDM, TDM and autonomous denial solutions. For LAA, whether these solutions are still sufficient to solve the in-device coexistence issue with Wifi needs some evaluations in RAN2. It is proposed to send an LS to RAN2 to explain this IDC problem and leave RAN2 to make a decision for IDC solution.
3 Conclusion
This contribution gives analysis on the in-device interference between WLAN and LAA operating in a same device with both UL and DL. Some observations can be made as below:
· For the case of WLAN and LAA operating in different bands in the same device at 5GHz, interference is very similar to WLAN and LAA operating around 2.4GHz (Band 40 and Band 7). 
· For the case of WLAN and LAA operating in the same band in the same device at 5GHz, without any band filter isolation between the two systems, the interference will cause severe self-desensitization irrespective of the frequency distance between the victim and the interferer and of the transmission power level of the interferer. FDM solution in the same band may be not feasible to improve the performance.
It is proposed to inform RAN2 these observations by LS and ask RAN2 to study on IDC issues for the case of Wi-Fi networks detection during LAA operation where both WLAN and LAA operate in the same band in the same device at 5GHz.
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