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1 Introduction
A new study item has just been approved in the latest RAN Plenary on in-device coexistence interference avoidance. This contribution aims to overview the fundamental problems and discusses the possible way for RAN2 to move forward.
2 Problem Overview
Theoretically the transmission in one frequency channel should not interfere the reception in another non-overlapped frequency channel because of the filtering. However, the commercial filter is not ideal where the side lobe of the transmit signal cannot be completely mitigated. This problem already exists in existing communication system when two communication devices are very close to each other and Tx/Rx in nearby frequency channels respectively. But the problem was not really severe since the probability to have such scenario is low because of user mobility.
However, this problem becomes more and more severe due to multiple radio transceivers co-located within the same device platform (e.g. smart phone). On the other hand, having multiple connections through different transceivers with different networks will become more and more general scenario (e.g. voice over TD-LTE + voice over BT ear phone) in the future. The probability to have one transceiver in Tx while another one in Rx on the same device platform will become much higher than before. The general interfering scenario is shown as Figure 1.
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Figure 1 General interfering scenario between in-device radio transceivers
Different transceivers co-located on the same device platform will certainly result in a worse situation than before, which means the separation between different transceivers will be very limited (e.g. <few cm). The worst situation should be implementing different transceivers into a SoC (System on Chip), there is no possibility to implement additional shielding between different modems in such scenario. In order to avoid the interference between the transceivers co-located on the same device platform, there are two types of solutions might be considered:
Option-1: FDM-based solution
Option-2: TDM-based solution
3 Discussion on FDM-based Solution for In-device Coexistence Interference Avoidance
Typically the FDM-based solution refers to filtering solution, while some designs to limit ISM radio activities are also possible but out of scope of 3GPP. The following discussion will base on filtering solution.
Filtering solution may be helpful to mitigate this problem if the separation from ISM band is large enough and different transceivers can have certain physical separation within the device. However, for LTE-TDD mode and some case of LTE-FDD, the frequency separation is too limited to have efficient filter design to avoid the interference. According to TS 25.101 [1] and TS 25.102 [2], the available frequency bands nearby to 2.4GHz ISM band can be shown in Figure 2.
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Figure 2 Frequency bands close to 2.4GHz ISM band
As shown in Figure 2, the most popular TDD spectrums (i.e. 2300~2400MHz and 2570~2620MHz bands) and some FDD spectrum (i.e. 2500~2570MHz for FDD UL) are very close to the most popular ISM band (i.e. 2.4GHz) today. Take the TDD spectrum available in China for example and consider potential deployment over 2320~2370MHz, which will result in frequency separation from the closest ISM channels (~2412MHz) low to 40MHz only.
On the other hand, consider an example with BT Tx emission power in the TD-LTE band as -50dBm (after Tx filtering) where the TD-LTE received signal power as -70dBm. This will result in -20dB SIR before considering thermal noise and multiple access interference power, and vice versa. Moreover, the real situation may be even much worse than this.
Even the filter performance can be further enhanced (e.g. 60dB degradation to 40MHz separation), but this problem is very difficult to be complete avoided by filtering. Because such filter will be very expensive and need to be manufactured by special semiconductor process (e.g. not CMOS) and will be very hard to be integrated into SoC. This means the problem cannot be well resolved even a good filter is equipped, because the interference from in-device interfering source is too large due to limited physical separation. Additional shielding may need to be applied which is not feasible when SoC is considered.
4 Discussion on TDM-based Solution for In-device Coexistence Interference Avoidance
Besides of the FDM-based solution, TDM-based solution is another attractive scheme. Simply speaking, TDM-based solution is to properly assign the transmission/reception of different radio transceivers in time domain.
For example, if UE can inform eNB when it should not grant DL or UL transmission opportunities, UE can base on the activity of BT or WiFi to recommend eNB when it should or should not grant resource to prevent unnecessary transmission error due to in-device interference. In order to facilitate LTE coexistence interference avoidance with ISM radios (e.g. BT and WiFi), it is necessary to consider a central controller available to coordinate the activities of the in-device radios to mitigate interference in TDM manner. Otherwise is will be very difficult to perform such control. 
Therefore, it is recommended RAN2 to discuss on the FDD and TDD options. If RAN2 agree on TDD option, it is further suggested to discuss the assumption on having a central controller available for in-device coexistence interference avoidance control. 
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Figure 3 Example on in-device coexistence control structure
Proposal 1: It is recommended RAN2 to discuss on the FDD and TDD options. 
Proposal 2: If TDD option is agreed, it is further suggested to discuss the assumption on having a central controller available for in-device coexistence interference avoidance control.
5 Conclusion
Based on the above discussion, our text proposals are:
Proposal 1: It is recommended RAN2 to discuss on the FDD and TDD options. 
Proposal 2: If TDD option is agreed, it is further suggested to discuss the assumption on having a central controller available for in-device coexistence interference avoidance control.
6 References
[1] TS 25.101, “User Equipment (UE) radio transmission and reception (FDD)”
[2] TS 25.102, “User Equipment (UE) radio transmission and reception (TDD)”
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