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1. Introduction

It is necessary to understand some fundamental of the in-device coexistence problem and then the possible study direction. This paper aims to share some preliminary investigation over the fundamental problem and discuss the potential problem and study direction.
2. Problem Description
Thanks to the ubiquitous access network available today, users are eligible to access different networks in different area and continuously maintain his connectivity everywhere. As shown in Figure 1, it is a very common scenario that users may locate within the coverage of multiple networks (e.g. cellular network, wireless LAN, broadcast network and satellite system).
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Figure 1 Ubiquitous network access available today

In order to allow user to access various networks and services everywhere, more and more UEs are equipped multiple radio transceivers today. For example, the smart user handheld device may equip with LTE, WiFi, Bluetooth transceivers and GPS receivers. Therefore, the designs become more and more complicated where more challenging need to be resolved in order to integrate many different transceivers into the same device platform while maintaining good performance. One of the most difficult challenging is the coexistence interference between the radio transceivers equipped by the same device platform. As shown in Figure 2, the LTE signal and WiFi/BT signals may interfere with each other. 
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Figure 2 Coexistence between different radio transceivers equipped by the same device platform
Because of the proximity of two radio transceivers on the same device platform, the transmit power of one transmitter may be much higher than the received power level to another in-device receiver. In tradition, the transmit signal will not result in significant interference to the in-device receiver (i.e. coexistence interference) thanks to filtering technology and sufficient frequency separation. But the coexistence interference will become significant if the frequency separation is not sufficient due to the non-ideal frequency response of the filter. The problem can be illustrated by Figure 3.
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Figure 3 Example of coexistence interference from in-device ISM transmitter to LTE receiver
According to TS 36.101, it is obvious such scenario may possibly happen between Band 40 and ISM band or ISM band and Band 7. The scenario may be different when different transceiver combinations are considered (e.g. LTE+WiFi or LTE+BT), but the generality of Figure 3 will still be applicable to difference cases. Figure 4 shows a simple illustration of the 3GPP frequency band distribution around ISM band.
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Figure 4 3GPP frequency bands around ISM band
According to previous RAN4 analysis, the filtering solution may not be sufficient to mitigate the coexistence interference from in-device radio transceiver [1]. The following will further discuss where may be the study direction to further explore the possible resolution.

3. Possible Study Directions
In order to investigate the possible study direction, the following examples are generated from Figure 3 to investigate different directions for possible study and solution.
3.1. Option 1: Move LTE Signal away from ISM Band 
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Figure 5 Moving LTE signal away from ISM band to mitigate coexistence interference 
In RAN2 #70bis, [2] and [3] address the possibility to utilize mobility or RLF procedure to mitigate the coexistence interference. This can consequently lead to UE handover to the frequency channel away from ISM band and mitigate the coexistence interference due to non-ideal filtering. These are the reasonable directions to be considered, but whether the legacy measurement or the new signaling can correctly trigger the mobility procedure or RLF procedure may need to be further studied and investigated.
On the other hand, it might be necessary to discuss whether there will be another frequency channel available for UE handover when coexistence interference is unacceptable. This may highly dependent with the LTE network deployment strategy by operators. 

For example, another RAT (e.g. GERAN or UMTS) may be generally available if LTE is deployed mainly in specific area and for service extension.  If the frequency channel for another RAT is away from ISM band, then this option should be applicable. But this will lead to further discussion on whether another RAT is a valid handover target pending on the service requirement by UE. More study in this direction is required.
Proposal 1: Include “Option 1: Move LTE Signal away from ISM Band” as one study direction in TR
As previously depicted by [2] and [3], the procedure to support this option may be different for active mode and idle mode respectively. For example, measurement and handover mechanism can be applied for RRC_Connected state, and cell selection/reselection can be applied to RRC_Idle state It will be necessary to have two separate sub-section in TR for more detail study.
Proposal 2: Include two sub-sections under the section of this option for “active mode” and “idle mode” respectively 
3.2. Option2: Move ISM Radio Signals away from LTE Signal
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Figure 6 Moving WiFi or BT signal away from LTE signal to mitigate coexistence interference

In RAN2 #70bis, [4] address the possibility to reduce ISM band radio operation range to facilitate coexistence interference mitigation. It is unclear whether this will result in the backward compatibility problem to the legacy ISM radio specification. The possibility exists for Bluetooth thanks to adaptive frequency hopping mechanism, but this may be more difficult to WiFi. 
However, the ISM radio activities are basically out of the RAN2 scope. RAN2 should only discuss the part of this option which is relative to LTE operation. For example, it is unclear whether LTE UE transmission will interfere ISM radio signaling and result in the difficulty to complete necessary procedure to move ISM signal away from LTE signal.
Proposal 3: LS to RAN4 to investigate the feasibility of this option and if it requires modification to LTE specification 
3.3. Option 3: Reduce ISM Radio Signal Transmit Power
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Figure 7 Reduce WiFi or BT transmit power to mitigate coexistence interference
This is a straightforward option to reduce the coexistence interference by reducing WiFi or BT transmit signal power, but this may also degrade the performance of WiFi and BT. In order to balance the performance degradation and interference reduction level, some solutions may be developed to prevent too much degradation on WiFi and BT performance. But this option is basically out of 3GPP scope.
Proposal 4: Not include “Option 3: Reduce ISM Radio Signal Transmit Power” as a RAN2 study direction
3.4. Option 4: Enhanced LTE Received Power Level
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Figure 8 Resist coexistence interference by keeping LTE receive signal power in higher level
It is possible that the coexistence interference from WiFi or BT can actually be ignored if LTE received signal is much higher than them. Under such condition, there should be no restriction for UE to activate the WiFi or BT transmission. This leads to a question that under which condition the network should or should not allow UE to activate the in-device WiFi or BT. More studies are required for further investigation.
Proposal 5: Includes “Option 4: Enhanced LTE Received Power Level” as a RAN2 study direction

Proposal 6: LS to RAN4 to investigate whether this option has been discussed and investigate the feasibility of this option.

3.5. Option5: Increase Antenna Isolation
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Figure 9 Increasing antenna isolation to mitigate coexistence interference

As shown in Figure 2, LTE transceiver and WiFi/BT transceiver are usually utilizing different antennas for signal transmission/reception. If the isolation of those antennas can be increased, the coexistence to/from another in-device transceiver can also be reduced. From signal perspective, Figure 9 shows that the coexistence interference can then be reduced.
However, the achievable antenna isolation is usually limited by some factors of the device platform (e.g. size). It is usually unpredictable on which platform that device vendor wants to adopt, since this is highly dependent on market requirement. RAN4 has previous discussion on this topic, where this option is generally out of RAN2 scope.
Proposal 7: Not include “Option 5: Increase Antenna Isolation” as a RAN2 study direction

3.6. Option 6: Time Domain Multiplexing for Interference Avoidance
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Figure 10 Time domain multiplexing to avoid LTE signal reception overlapped with WiFi/BT signal transmission in time domain
The coexistence interference can be completely avoided if the LTE reception time will not overlapped with the WiFi/BT transmission time. This can also resolve the coexistence interference from LTE to WiFi, BT and GPS. Different level of optimization can be achieved under different under different level of complexity of eNB scheduler, DRX/DTX or others. More studies will certainly be required, where some of preliminary issues have been identified in [5].
Proposal 8: Include “Option 6: Time Domain Multiplexing for Interference Avoidance” as a RAN2 study 
3.7. Option 7: Adopt More Advanced Filter
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Figure 11 Adopt advanced filter to mitigate coexistence interference
If the filter is ideal, the coexistence interference will not exist. More advanced filter will surely be helpful to mitigate the problem, similar as increasing antenna isolation. But there are also some limitation on the filter performance and the feasibility issue to be integrated into SoC (System on Chip). But this option is generally out of RAN2 scope.(this had been discussed by RAN4, respect RAN2 is not part of discussion)
Proposal 9: Not include “Option 7: Adopt More Advanced Filter” as a RAN2 study direction 
4. Conclusion

Different study directions for resolving in-device coexistence interference problem are reviewed by this paper. The motivation is to trigger the relative discussion over the options within RAN2 scope to make the study as complete as possible. In order to capture the above proposals, the TP in Appendix A is provided for possible adoption into the coexistence TR skeleton depicted in R2-103954.
Proposal 10: Adopt the TP in Appendix A into the TR of the Study on signaling and procedure for interference avoidance for in-device coexistence 
Appendix A  TP Developed base on R2-103954
1
  Scope

2
  References

3
  Definitions, symbols and abbreviations

3.1
  Definitions

Coexistence Interference: the interference from the signal transmitted by another in-device transceiver in adjacent frequency channel

ISM Coexistence Interference: the interference from the signal transmitted by another in-device transceiver in ISM band

ISM Radio: the radio transceivers which transmit and receive signals in ISM bands

3.2
  Symbols

3.3
  Abbreviations

4
  Scenarios

5
  Effectiveness of existing mechanisms for interference avoidance

    5.1     Options to Move LTE Signal away from ISM Band
When LTE received signal quality is degraded due to the ISM coexistence interference, LTE network may provide proper RRM mechanisms to help UE handover to another frequency channel away from ISM band. This can mitigate the effect by non-ideal filtering and hence reduce the interference from the signal transmitted in ISM band.

The possible RRM mechanisms might be different from active mode or idle mode respectively. 
    5.1.1  Active Mode
    5.1.2  Idle Mode
    5.2     Options to Enhanced LTE Received Power Level
When the RSRP of received LTE signal is much higher than the ISM coexistence interference level, the ISM coexistence interference will not result in performance degradation to LTE and should be able to be ignored. The activation of ISM radio should be restricted if the RSRP of received LTE signal is lower than certain level. Otherwise proper ISM coexistence interference avoidance mechanisms should be enabled.
6
  Envisioned enhancement for interference avoidance

    6.1     Options by Time Domain Multiplexing for Interference Avoidance
The coexistence interference can be avoided if the time for LTE transmission or reception will not overlap with the time for ISM radio to receive or transmit signals.
7
  Conclusion
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