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1 Introduction

The coexistence interference between LTE and WLAN in different deployment scenarios had been studied in reference [1] and [2]. Based on the analysis, the most problematic interference is between LTE UE and ISM band device especially for the in-device case. The use cases of interest, further analysis and potential solutions for in-device coexistence interference between LTE and ISM bands are given in this paper.

2 Use Cases
For devices that support both LTE and ISM technologies, such as Bluetooth and/or WLAN, there are several important use cases for concurrent operation of these radios, such as the ones listed below
All idle

· LTE listening for pages, WLAN listening for beacons, Bluetooth sniff

One primary connection

· LTE active,  Bluetooth page scanning, WLAN listening for beacons, or both

· Bluetooth eSCO (voice via 3G) or A2DP (streaming audio from either 3G or local media) while LTE idle, WLAN listening for beacons, or both

· WLAN data (infrastructure mode) while Bluetooth page scanning, LTE listening for pages, or both

Multiple simultaneous connections

· LTE active with Bluetooth eSCO with WLAN listening to beacons

· LTE data or VoIP connection with simultaneous voice connection over Bluetooth

· LTE data with “skype-like” application with the voice call transferred over Bluetooth

· LTE data with Bluetooth ACL (data) or A2DP (streaming audio from either from LTE or local media),  and WLAN listening to beacons
· LTE data and WLAN data
· Out-of-band relay with LTE backhaul and WLAN access point operation.
3 Interference Issues and Potential Solutions
The LTE and ISM technologies working on adjacent frequencies will have the following interference.

· ISM device blocking interference to LTE UE

· ISM device spurious emission interference to LTE UE

· LTE UE spurious emission interference to ISM device

· LTE UE blocking interference to ISM device

Regarding to the current state-of-the-art filter technology, hardly a filter for terminal could provide sufficient rejection on the adjacent frequencies. Therefore, it’s impossible to solve the interference problem by single generic RF design for the in-device case. Other solutions are strongly recommended. 
There needs to be a study on the various features of the LTE standard that can be utilized to mitigate the coexistence problems that arise in supporting the scenarios mentioned above. In addition, messages/procedures/techniques may be defined to facilitate coexistence and ensure that the UE behavior is co-ordinated with the eNB. Some broad ideas and studies that can help coexistence are listed as follows:

· Studying the possibility of enhancing reporting which makes network side aware of the co-existence issue and HO/RLF mechanism to move a UE to a frequency or RAT that does not have a coexistence issue with ISM.
· When HO is not possible (this may be the case if the UE is in an area with only one frequency deployment, or if the UE does not have good channel quality in the alternate frequency, or if the UE does not support multiple RATs.), allowing time sharing between LTE and ISM in a manner that is coordinated/controlled by the eNB.

· Studying the possibility of constraining assignments of a given UE in part of the LTE frequencies to avoid a coexistence issue 
All of the aforementioned potential solutions are belonging to RAN2 scope. Therefore, it is recommended to initiate the related discussions in RAN2 to study the feasibility of the aforementioned solutions and give other potential solutions if possible.
4 Conclusion

In this paper, we identified the need for multi-radio devices, such as LTE-Bluetooth or LTE-WiFi devices. As a consequence, there could be severe in-device coexistence issues, which may require non-filter based solutions. Two categories of possible solutions have been put forward for further discussion, which seems to be within RAN2 scope. Therefore, it’s recommended to send a LS to RAN2 and kindly ask RAN2 to study whether there are some schemes to solve this coexistence problem. The draft LS is attached in the appendix.
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6 Appendix: Draft LS to RAN2
1. Overall Description:

The growing market of smart connected devices demands that the same device supports multiple radio technologies. For devices that support both LTE and ISM technologies, such as Bluetooth and/or WLAN, there are important use cases for concurrent operation of these radios. RAN4 has studied the coexistence issues between ISM technologies and LTE deployed in the adjacent bands [1, 2]. The coexistence issue can cause interference to the LTE receiver at the UE or make the LTE Tx cause interference to the ISM radio. 

Regarding to the current state-of-the-art filter technology, hardly a filter for terminal could provide sufficient rejection on the adjacent frequencies. Therefore, it’s impossible to solve the interference problem by single generic RF design for the in-device case. 

s an alternative approach, the existing/enhanced signaling procedure or resource sharing/re-allocation between LTE and ISM may be utilized to mitigate the in-device coexistence problems. 

2. Actions:

RAN4 would kindly request RAN2 to study the possibility of using current LTE features and/or the appropriate enhancements to mitigate the ISM coexistence problem.
The potential solutions for coexistence are not intended for any specific band or interfering technology. For the LTE-ISM coexistence problem, they would most likely apply for LTE deployed in Band 7, Band 40 and new 2600 TDD band. They can also apply to other coexistence scenarios, such as LTE deployed in Band 13 and Band 17 etc..
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