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1	Introduction
In RAN2#78 meeting, intermodulation distortion (IMD) problem was identified in [1] stating that if ISM and LTE UL are transmitting simultaneously, 3rd order IM products can fall in the LTE DL frequency range. Also according to the RAN2#78 meeting minutes, there was a statement: “Chairman thinks that for Band 7 the inter-modulation effects might cause problems in carriers that are in the middle.” [2]
In this paper, we analyse the IMD problem in further detailed scenarios and propose possible solutions.
2	Discussion
As analyzed in [1], it’s true that the UEs DL reception on Band 7 could be impacted when ISM transmission and LTE UL tansmission on Band 7 overlap in time. Besides, it’s well known that inter-band CA with two active ULs produces intermodulation products at certain frequencies. With some band combination, the intermodulation product may hit on top of some other 3GPP and/or non 3GPP band, like ISM. So we further identify, for example, in the case of Band 4 + Band 12, the second order intermodulation distortion (due to simultaneoustansmission on UL1 and UL2) causes desense on 2.4GHz ISM band and third harmonic of UL2 (Band 4) hits the 5GHz WLAN.
We highlight the above two IMD interference scenarios in detail in the following section.
2.1 IMD interference scenario#1 (LTE UL + ISM UL -> LTE DL)
This scenario was listed and analyzed in [1].


Figure 1. IMD interference on ISM DL
Below are some examples that illustrate the problem extracted from [1].
Example 1:
· F1 (UL): 2500-2520,  F2 (DL): 2620-2640,  F3 (ISM): 2400 – 2483.5 MHz
· IMD: 2516.5 (=5000-2483.5)  ≤  2*F1-F3 ≤ 2640(=5040-2400)
· ISM activities in the frequency 2400-2420 MHz can cause IMD falling into the LTE DL channel.
Example 2:
· F1 (UL): 2520-2540,  F2 (DL): 2640-2660,  F3 (ISM): 2400 – 2483.5 MHz
· IMD: 2556.5 (=5040-2483.5)  ≤  2*F1-F3 ≤ 2680(=5080-2400)
· ISM activities in the frequency 2400-2440 MHz can cause IMD falling into the LTE DL channel.
Example 3:
· F1 (UL): 2550-2570,  F2 (DL): 2670-2690,  F3 (ISM): 2400 – 2483.5 MHz
· IMD: 2616.5 (=5100-2483.5)  ≤  2*F1-F3 ≤ 2740(=5140-2400)
· ISM activities in the frequency 2410-2470 MHz can cause IMD falling into the LTE DL channel.
2.2 IMD interference scenario#2 (LTE UL + LTE UL -> ISM DL)
Some CA band combinations (aggressors) and resulting victim bands/frequency areas are listed in Table 1 below. 
Table 1. Example of 3GPP CA scenarios causing IMD2 to non-cellular RATs.

	Aggressors
	Victims

	UL1
Band #1
	UL2
Band #2
	UL1+UL2
IM2

	12
	4
	2.4 GHz ISM

	17
	4
	2.4 GHz ISM

	20
	12
	GPS



IMD2 refers to 2nd order intermodulation distortion due to two ULs. For example, in the case of Band 4 + Band 12, the second order intermodulation distortion (due to UL1+UL2) causes desense on 2.4GHz ISM band and third harmonic of UL2 (Band 4) hits the 5GHz WLAN. This case is also depicted in Figure 2.
[image: ]
[bookmark: _GoBack]Figure 2. IMD interference on ISM DL
3	Analysis
One option provided in [1] for the scenario#1 is that power backoff on the LTE UL may solve it, but it is not sure how much power backoff on the LTE UL would be needed to overcome the problem and would the P-MPR approach be adequate? One problem of this is that power backoff on the LTE UL could cause LTE performance loss inevitably without eNB’s awareness.
For the scenario#2, one possibility is to use the agreed DRX based solution. However, given the agreement in Release 11, DRX configuration is common for both Pcell and Scell, which essentially means the both Pcell and Scell should follow the same DRX pattern. Apparently, this could cause performance loss and lower efficiency from the given UE point of view, which is also analyzed in [3].
In order to cope with the IMD problem in both scenarios #1 and #2 more efficiently, the UE could indicate the eNB that the IDC problem is caused by IMD and potentially also the interfered/interfering frequency so that the eNB would have a clearer view about the indicated IDC problem and thus provide more appropriate solution for it. Furthermore for scenario #2, the UE could also recommend an UL scheduling pattern for Scell so that the Pcell could operate without any constraints.
Proposal 1: We kindly request RAN2 to consider the above analysis about the impact of IMD for in-device coexistence and identify the possible solutions for it.  
4	Conclusion
Proposal 1: We kindly request RAN2 to consider the above analysis about the impact of IMD for in-device coexistence and identify the possible solutions for it.
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