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1 Introduction
TS 36.816 considered coexistence interference between LTE band 40 and ISM and LTE band 7 and ISM. The discussion and study of coexistence between LTE band 7 and ISM focused on the interference caused by LTE band 7 UL to ISM. It was assumed that there is no impact to the LTE band 7 DL due to ISM operation. This was based on the observation that there is a frequency gap of at least 120 MHz between the ISM band and the downlink portion of LTE band 7.
2 Discussion

The following figure from TS 36.816 [1]shows the frequency bands considered for the ISM coexistence study.
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TS 36.816 further states that “The transmitter of LTE band 40 will affect receiver of WiFi and vice-versa. Since band 7 is a FDD band so there is no impact on LTE receiver from WiFi transmitter but WiFi receiver will be affected by LTE UL transmitter.”
Simultaneous transmission of signals at two different frequencies can cause intermodulation products to appear as interference at a different frequency. Intermodulation distortion (IMD) occurs on various RF front-end components (e.g. antennas, power amplifier, mixer, switches, etc). The reverse intermodulation (the leakage from one transmitter amplifier output is mixed with the input signal of another amplifier) may be particularly problematic if two signals are transmitted simultaneously using two closely located transmitter amplifiers. In the case of ISM and LTE band 7, if ISM and LTE UL are transmitting simultaneously, 3rd order IM products can fall in the LTE DL frequency range. Thus, the UEs DL reception could be impacted when ISM and LTE UL transmission overlap in time.
Below are some examples that illustrate the problem.

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.

IMD problems have been studied in the context of carrier aggregation [2], [3]. In CA scenarios, when UL transmissions on two carriers overlap in time, it can result in IMD on the DL carrier. In such cases, the following options are generally available:
1. Ensuring that simultaneous UL transmissions do not occur. Since the eNB is in full control of the scheduling, simply avoiding overlapping UL transmissions eliminates the problem. 

2. Removing one of the uplinks, to eliminate the IMD problem. This can be done by de-configuring one of the Scells or just removing one of the UL carriers.

3. (If all else fails) Applying a power backoff to one of the UL transmissions, to minimize the IMD problem. In general, the eNB would know when the UE may apply such a power backoff (i.e., it knows when there are simultaneous UL transmissions). The eNB also knows how much power backoff the UE may apply.

We consider the suitability of the above techniques to the ISM coexistence case. The eNB is not aware of when ISM transmissions may occur; therefore it does not have the option of avoiding simultaneous transmissions of ISM and LTE UL. Removing either of the the two uplinks (LTE UL or ISM transmissions) is not feasible. Using a different LTE UL frequency is generally not possible – operators would typically not have alternative frequency options.
Applying power backoffs to the LTE UL may be one approach to consider. Power backoffs to support simultaneous inter-RAT transmissions have been discussed previously and the UE is allowed to apply a power management power reduction (P-MPR). There is no specified limit on the amount of power backoff applied via P-MPR. Applying a P-MPR obviously degrades the LTE performance. 
In the ISM coexistence case, the duration for which such power backoffs are needed is unpredictable. ISM transmissions are generally short (compared to LTE subframes) and bursty. The typical amount of power backoff needed for the ISM coexistence case is also not fully understood. The P-MPR approach could consist of applying substantial power backoffs for extended periods, although the ISM transmissions only occupy small fractions of these periods. Thus, the P-MPR approach is likely to be excessive. 
It should also be noted that the amount of IMD interference the DL carrier will experience depends on the UE architecture and hardware. IMD interference also varies based on the specific combinations of frequencies (different portions of the DL may see different levels of interference).

In summary, we think that IMD issues resulting from coexistence of ISM and LTE band 7 need to be studied. In our view there are two main questions that need to be first considered:
· What is the typical level or range of IMD interference that the LTE DL can experience in this scenario?

· How much power backoff on the LTE UL would be needed to overcome the problem (if it is significant)? Would the P-MPR approach be adequate?

RAN4 has previously conducted studies related to IMD in carrier aggregation scenarios. We propose to request RAN4 to consider the above issues and provide feedback.
3 Summary
We have considered In-device coexistence interference in the LTE band 7 and ISM coexistence case, specifically from the point of view of intermodulation distortion. As in carrier aggregation scenarios, IMD can cause problems with reception of the LTE downlink. It is requested that RAN2 discuss the issues described and consult with RAN4 to better understand and resolve the problems.
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