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1. Introduction
In RAN#48, a study item on interference avoidance for in-device coexistence was agreed [1]. In last RAN2#70bis meeting, several solutions were discussed. This contribution discusses the scenarios for investigation, and the pros and cons of each solution.  
2. Scenarios

As pointed out in SI proposal [1], SI is focused on the coexistence between LTE and ISM/GPS. Since WLAN and Bluetooth are two of the mostly used wireless technologies on ISM band, following scenarios are proposed for study in the SI.
2.1. Coexistence of LTE and WLAN
Following two interference issues need consideration:
· LTE Rx, WLAN Tx
· LTE Tx, WLAN Rx

Although the SI should be focused on band agnostic solutions, we can take LTE TDD band 40 (2300-2400 MHz) vs. lower band of WLAN channel (e.g. channel 1) as a starting point.
2.2. Coexistence of LTE and Bluetooth
The reason to add Bluetooth in addition to WLAN is that Bluetooth has different MAC/PHY characteristics from WLAN, which needs further investigation.
Similar as WLAN, following two interference issues need consideration:

· LTE Rx, Bluetooth Tx

· LTE Tx, Bluetooth Rx
2.3. Coexistence of LTE and GPS
Since GPS devices are receivers only, we only need to consider LTE Tx, GPS Rx case. The impact from LTE harmonic frequencies of band 13 (777-787 MHz) and band 14 (788-798 MHz) on GPS (e.g 1575.42 MHz) needs study.
3. Review of solutions
Solutions can be mainly categorized into three types: RF solutions, FDM based solutions and TDM based solutions. 
3.1. RF solutions
In [2], it was proposed that dynamic guard band could be used. For example, for TDD band 40, UE could equip 2 filters. UE uses normal 100 MHz filter used when there is no ISM activity, and switches to 80 MHz filter (2300-2380 MHz) when there is ISM activity.
The proposal can minimize the impact on standards, however it has following disadvantages:
· UE implementation cost is increased since two filters have to be implemented.

· The solution is band specific, which is not consistent with RAN4 request for band agnostic solution [3].
3.2. FDM solutions
The basic principle of FDM solutions is to switch UEs with ISM activity to another frequency. Such switching can be triggered either by measurement or by Radio Link Failure, or by enhanced reporting which makes network side aware of the co-existence issue.  
Like RF solutions, FDM solution has minimal standardization impacts. However, as pointed out by [4-6], it has following disadvantages:

· The scenario that LTE impacting ISM/GPS cannot be handled.
· Current RLF procedure is mainly used in extreme cases and incurs very long latency.

· Ping-pong effect: eNB might not be aware of the actual reason for UE to switch to another frequency/RAT, therefore eNB may schedule UE back to the victim frequency.

· Switching to another frequency may not be always available for example due to

· Only one frequency band is available according to deployment. Note that not only the adjacent frequency, the entire LTE band (e.g. band 40) might be desensed by ISM transmission [6]. Therefore simply switching UE to another frequency in the same band may not solve the coexistence issue. 
· UE does not support multiple RATs.
· The channel quality in another frequency is quite low.
3.3. TDM solutions
The basic principle of TDM solution is to multiplex LTE and ISM activity in TDM manner. For example, LTE Rx and ISM Tx can be multiplexed in time domain. 
The benefits of TDM solutions are as follows:

· The solution is band agnostic.

· There is no latency issue or ping-pong effect.

· The scenario that LTE impacting ISM/GPS can be handled.

· The solution is not impacted by the deployment scenario. Even if operator has very limited spectrum resource, or UE does not support multi-RAT, TDM solution is still usable.
To enable such multiplexing, from LTE side, DRX cycle and/or measurement gaps could be used. For example, in DRX cycle, since there is no LTE traffic, UE can have ISM activities like listening to WLAN beacons. However, there is a period mismatch issue between LTE and ISM technologies. For example, typically WLAN beacon interval is configured as 102.4 ms, which is incompatible with LTE frame length (10 ms). The issue is shown in Figure 1 below. Such period mismatch might impact the TDM operations. Therefore additional study is needed in this area, however it is expected that TDM solutions will not introduce significant changes to standards. 
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Figure 1 Period mismatch between LTE and WLAN

It should be highlighted that TDM solutions will not cause waste on the precious spectrum. UEs with ISM activities transmit and receive on LTE frequencies discontinuously, which is similar as existing DRX cycle or measurement gaps.  Frequency channels which are impacted by ISM transmission can still be used by UEs with ISM activities. This is in clear contrast to FDM solution, where UEs with ISM activities have to switch to another frequency or RAT.
4. Conclusions

In this contribution, we discuss the working scenarios, and analyze existing solutions for in-device coexistence. Our recommendation is to study enhanced schemes like TDM solutions to solve the coexistence issue.
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