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1 Introduction
At RAN2#70bis meeting, the study item on interference avoidance for in-device coexistence was kicked-off. This contribution aims at further clarifying the scenarios of in-device coexistence and related interference. The applicable solutions for different scenarios are discussed as well.
2 Discussion
In the past RAN4 meetings and RAN plenary, several in-device coexistence scenarios which would result in interference between different technologies were identified. At RAN2#70bis meeting, some preliminary considerations on potential solutions of interference avoidance were discussed. Generally, there are two types of solution, i.e. frequency domain (e.g. HO, RLF, cell reselection) and time domain solutions. It is likely that one type of solution cannot be used in a specific case. In this section, we will describe these coexistence interference scenarios and corresponding applicable solutions.
2.1 Scenario 1: Coexistence interference between LTE Band 40 and ISM radio
LTE Band 40 is a TDD band from 2300MHz to 2400MHz, and ISM is an unlicensed band from 2400MHz to 2483.5MHz used by many well-known technologies, e.g. Bluetooth and WLAN, etc. Due to adjacency of these two bands and duplex of LTE, LTE and ISM technologies possibly interfere with each other when one is transmitting and the other one is receiving.
(1) ISM radio Tx interferes with LTE radio Rx

In the last RAN4 meeting, the degradation in performance of LTE and ISM technologies due to simultaneous operation in adjacent bands was analyzed and the extent of desense due to coexistence interference was presented [2]. The analysis focused on worst case scenarios where the aggressor is transmitting at maximum power and the victim is receiving at sensitivity. The analysis assumes best known filters for ISM and LTE. The desense was defined as 10log10(α), where α is the ratio between the coexistence interference and the noise floor. For instance, for Band 40, the sensitivity is -94dBm and the required SNR is -1dB. Hence, the noise floor (KBT+ Noise Figure) is at -93dBm. Now, if the coexistence interference comes at -93dBm, we consider that to be a desense of 3dB [2]. The coexistence interference impact (desense) on LTE from BT and WLAN were evaluated in [2], and we refer to the results here for RAN2 information (In the following and henceforth figures, each row corresponds to one victim center frequency and each column corresponds to one aggressor center frequency). 
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Figure 1. Coexistence interference impact on LTE in B40 from BT [2]
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Figure 2. Coexistence interference impact on LTE in B40 from WLAN [2]
Discussion on applicable solutions
From the above figures we can see that, the applicability of different solutions is depending on the extent of interference.
· In the worst case, e.g. activity in the lowest 20MHz of the ISM, frequency domain solutions (for LTE) possibly cannot be used to avoid the interference
· In many other cases, frequency domain solutions (for LTE) could be used to avoid the interference if the operator has multiple subbands in Band 40
· Time domain solutions could be used to avoid the interference

(2) LTE radio Tx interferes with ISM radio Rx

The analysis results of interference impact (desense) on BT and WLAN from LTE are shown in Fig. 3 and 4 [2]
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Figure 3. Coexistence interference impact from LTE in B40 on BT [2]
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Figure 4. Coexistence interference impact from LTE in B40 on WLAN [2]
Discussion on applicable solutions

· In the worst case, e.g. ISM working in the lowest 20MHz, frequency domain solutions (for LTE) possibly cannot be used to avoid the interference

· In many other cases, frequency domain solutions (for LTE) could be used to avoid the interference if the operator has multiple subbands in Band 40

· Time domain solutions could be used to avoid the interference

2.2 Scenario 2: Coexistence interference from LTE Band 7 to ISM radio
LTE Band 7 is a FDD band with UL from 2500 to 2570MHz and DL from 2620 to 2690MHz. Since the DL is far away from the ISM band, there is no interference from ISM transmission to LTE terminal reception, and the coexistence problem only exists in the case of LTE transmission disrupting ISM reception. 
The analysis results of interference impact (desense) on BT and WLAN from LTE are shown in Fig. 5 and 6 [2]
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Figure 5. Coexistence interference impact from LTE in B7 on BT [2]
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Figure 6. Coexistence interference impact from LTE in B7 on WLAN [2]

Discussion on applicable solutions

· Frequency domain solutions (for LTE) could be used to avoid the interference if the operator has multiple subbands in Band 7
· Time domain solutions could be used to avoid the interference

2.3 Scenario 3: Coexistence interference from LTE Band 13/14 to GPS radio
LTE Band 13 (UL: 777-787 MHz, DL: 746-756 MHz) and Band 14 (UL: 788-798 MHz, DL: 758-768 MHz) are FDD bands. Since GPS radio (1575.42MHz) in the UE only has reception functionality, interference in this scenario only exists from 2nd harmonic components of LTE UL to GPS reception.
LTE 2nd harmonic components are located from 1554 to 1574MHz for Band 13, and from 1576 to 1596MHz for Band 14. For the worst case, there is only 1MHz spacing between GPS and 2nd harmonic components of Band 13 and 14 UL.
Currently, there is no analysis on the degradation in performance of GPS due to LTE transmission.
Discussion on applicable solutions

· Frequency domain solutions (for LTE) cannot be used to avoid the interference

· Time domain solutions could be used to avoid the interference

The coexistence scenarios and applicable solutions analyzed above are summarized in the following table:

	Coexistence scenarios
	Interference
	Applicability of frequency domain solutions
	Applicability of time domain solutions

	LTE Band 40 and ISM
	LTE Tx disturbs ISM Rx
	[√]
	√

	
	ISM Tx disturbs LTE Rx
	[√]
	√

	LTE Band 7 and ISM
	LTE Tx disturbs ISM Rx
	[√]
	√

	LTE Band 13/14 and GPS
	LTE Tx disturbs ISM Rx
	×
	√


‘√’ means always can be adopted; ‘[√]’ means possibly can be adopted, depending on the interference situation and availability of other frequencies; ‘×’ means always cannot be adopted

Proposal 1: This SI should focus on the abovementioned interference scenarios of in-device coexistence
Proposal 2: Both frequency and time domain solutions should be considered in this SI stage to avoid the interference
3 Conclusion
In this contribution, the identified interference scenarios of in-device coexistence are summarized. Based on the analysis of interference condition for different scenarios, the applicable solutions are discussed as well.
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