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1 Introduction
For RF filter based solution, minimum space for band separation (e.g. f, 20MHz – 40MHz) between LTE and ISM components is required for protecting and minimizing the interferences from in-device coexistence platform [1]. Figure 1 shows the spectrum band allocation of LTE and ISM components. As shown in Figure 1, LTE Band 7 may not induce the interference to BT Channel #79 if 20MHz space separation (guard band and channel space) is ideally enough for the isolation between adjacent two bands, but if 40MHz separation is required to isolate two adjacent bands, Band 7 may give interference to BT because of lack of channel space. And also, because LTE Band 40 and ISM band do not have a guard band they might experience the interference together due to adjacent band effect. This band separation capability definitely depends on the RF, and antenna’s capability and performance equipped for protecting and minimizing the interference between LTE and ISM components in the UE. 
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Figure 1. Safe and interferable frequency band for LTE and ISM components
In this paper, we introduce the preferred frequency and boundary to pre-emptively avoid the interference from the in-device coexistence platform. In addition, we introduce that unusable or usable frequency should be identified as unusable or usable frequency boundary for the safe and intereferable frequency band.           

2 Discussion
 As shown in Figure 1, if the BT is working on the Channel #1(2402-2403MHz), 2382-2400MHz of the LTE Band 40 could be theoretically in interferable band assuming 20MHz enough frequency separation (f). While if the WiFi is working on the Channel #1 (2401-2423MHz), 2381-2400MHz of LTE Band 40 could be in interferable band assuming 20MHz enough frequency separation (f) too. And also if the WiFi is working on the Channel #14 (2473-2495MHz), 2500-2515MHz of LTE Band 7 may give an interference to WiFi assuming 20MHz enough frequency separation. Accordingly, we can capture some interferable bands assuming the in-device coexistence operation and band allocation in use. This means that the UE is aware of the specific frequency which can be interferable when the ISM components are enables. With the UE’s capability notification, the eNB can internally set the preferred frequency which is the safe frequency band to be pre-emptively allocated to the UE that is equipped with the in-device coexistence for avoiding unexpected interference. 
Observation 1: The UE is aware of the specific frequency bands which can be interfered when the ISM components are enabled, if the RF and antenna device characteristics are defined.  

When the LTE component detects the interference due to in-device coexistence, the UE may send an indication message to the eNB with frequency information which may include usable and/or non-usable frequencies for the LTE component. When multiple different radio technologies are installed on the UE, the LTE component and non-LTE component, e.g. ISM, on the UE are able to know the operating frequency range in safe each other. And also, LTE and non-LTE components are able to know the potential interferable frequency band based on the performance of RF devices installed in the UE so that the LTE component can extract the safe frequency band range and/or interferable frequency band range while other component is running. 
Therefore, if the specific frequency information, which has a higher possibility of the in-device coexistence interference, may be determined in advance at the eNB and UE side, the frequency which can potentially avoid the interference due to in-device coexistence might be considered as preferred frequency to the UE preemptively. If the UE’s capability (e.g. LTE+BT, LTE+WiFi, LTE+GNSS) is indicated to the eNB, the preferred frequency can be easily determined and allocated to the UE in order to avoid the in-device coexistence interference. 
Proposal 1: Discuss and adopt that the UE sends a message with its capability about specific in-device coexistence configuration equipped in the UE. 

Based on the UE’s capability information (e.g. LTE+BT, LTE+WiFi and LTE+GNSS) reported by the UE, the eNB can primarily allocate the preferred frequency resource to the UE. Accordingly, unexpected interference occurrences due to in-device coexistence may be preemptively reduced with allocating of the preferred frequency. When the eNB receives the capability information from the UE, it sets the specific band information as preferred frequency boundary for in-device coexistence situation based on the UE’s operating frequency and then it tries to preemptively allocate the frequency band which is the safe band to the UE. For example, if the UE is operating at Band 40 or Band 7, the preferred frequency, assuming 20MHz enough space separation (f), can be set to 2,380MHz and 2,515MHz, respectively. 
Proposal 2: Discuss and adopt that the eNB allocates preferred frequency to the UE based on the UE’s capability in order to avoid unexpected in-device coexistence interference.  

As shown in Figure 1. The interferable frequency would be expressed as a frequency boundary for indicating safe frequency bands. Based on the f, the safe or usable frequency band can be determined and extracted. For example, the UE is running on the Band 40 and f is 20MHz, the frequency 2300MHz – 2380MHz could be safe frequency band and the eNB may store this frequency boundary information. For example, assuming 20MHz (f) for cutting off the interferences (enough space separation) for ISM components in LTE Band 40 and LTE Band 7, preferred frequency boundary band could be 2,380MHz thru the bottom of Band 40 and 2,515MHz thru the top of Band 7, respectively. 
Proposal 3: Discuss and adopt that the unusable or usable frequency should be identified as frequency boundary for frequency band range
Proposal 4: Discuss and adopt the text proposal in Annex.
3 Conclusion
In this paper, we have introduced the preferred frequency allocation and boundary for avoiding the interference from the in-device coexistence. With the UE’s capability information and notification, the eNB can implicitly set the preferred frequency which can be pre-emptively allocated to the UE. In addition, it has been introduce that unusable or usable frequency should be identified as unusable or usable frequency boundary band. Thus, based on the running frequency band, e.g. Band 40 and Band 7, the frequency should be defined with the boundary. Based on the observation and proposals, RAN2 is kindly requested to consider and adopt the following observation and proposals.        
Observation 1: The UE is aware of the specific frequency bands which can be interfered when the ISM components are enabled, if the RF and antenna device characteristics are clearly defined.  

Proposal 1: Discuss and adopt that the UE sends a message with its capability about specific in-device coexistence configuration equipped in the UE. 

Proposal 2: Discuss and adopt that the eNB allocates preferred frequency to the UE based on the UE’s capability in order to avoid unexpected in-device coexistence interference.  

Proposal 3: Discuss and adopt that the unusable or usable frequency should be identified as frequency boundary for frequency band range

Proposal 4: Discuss and adopt the text proposal in Annex.
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5 Annex – Text Proposal
5.2
Description of interference avoidance solutions
5.2.1
LTE network-controlled UE-assisted solutions
5.2.1.1A
 Indication Triggering
Depending on the conditions of in-device coexistence interference on the serving frequency and non-serving frequencies, there are four scenarios to be considered as listed in Table 5.2.1.1A-1. 
[…]
In order to avoid ping-pong handover back to the problematic frequency, it would be valuable to make the target eNB be aware of the coexistence problem within the UE. The following two options have been identified to transport (part of) the information to a target eNB:

· The information is transferred from the source to the target eNB;

· The information is reported again by the UE to the target eNB

5.2.1.1B UE capability

For RF filter based solution, minimum space for band separation (f) between LTE and ISM components is required for protecting and minimizing the interferences from the in-device coexistence platform. Figure 5.2.1.1B-1 shows the spectrum band allocation of LTE and ISM components. As shown in Figure 5.2.1.1B-1, this band separation capability definitely depends on the RF, and antenna’s capability and performance equipped for protecting the interference between LTE and ISM components in the UE. 
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Figure 5.2.1.1B-1. Spectrum band allocation for LTE and non-LTE components
Accordingly, the UE is aware of the specific frequency bands which can be interfered when the ISM components are enabled and the f (e.g. enough frequency separation with RF and antenna device characteristics) is defined. Therefore, the UE and eNB are aware of safe frequency band and interferable band.  Based on UE capability information (e.g. LTE+BT, LTE+WiFi ) reported by the UE, the eNB can primarily allocate the preferred frequency resource to the UE.  Therefore, unexpected in-device coexistence interference may be preemptively reduced with allocating of preferred frequency. 

As shown in Figure 5.2.1.1B-1, the interferable frequency is identified as a frequency boundary and range to indicate safe and/or interferable frequency based on the f. Therefore, the eNB may store the frequency boundary information and preemptively allocate a frequency to the UE.  This preferred frequency allocation of the safe frequency band can preemptively avoid unexpected in-device coexistence interference.   
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