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1 Introduction
The growing market of smart connected devices demands that the same device supports multiple radio technologies, e.g. LTE and ISM (e.g. Bluetooth and WLAN), LTE and Global position systems integrated in the same device. In the past RAN4 meetings, it is concluded that for LTE and ISM radio within the same device, the interference caused by adjacent operation cannot be avoided by single generic RF design [1]. Therefore, RAN has approved to study alternative solutions from RAN2 perspective to solve the interference problem for in-device case [2].
This contribution is to kickoff the work for the study item on interference avoidance for in-device coexistence, in which the scenarios of coexistence, high level analyses on feasibility of reusing existing RRM mechanisms to solve the coexistence issue and potential direction of enhanced solutions (if needed) are described.
2 Scenarios and Objectives
At RAN#48, a study item on interference avoidance for in-device coexistence was agreed [2]. This SI is focusing on the coexistence scenario that LTE and GPS/ ISM radio within the same device working in adjacent frequencies or sub-harmonic frequencies. To be specific, some examples of such kind of coexistence happen in the following cases:

(1) Interference between LTE working on upper part of Band 40 (2300MHz-2400MHz) and ISM (e.g. 2.4GHz-2.4835GHz for WLAN) radio

	LTE
	ISM
	Coexistence problem

	Rx
	Tx
	LTE radio: interfered by ISM, ISM radio: normal operation

	Tx
	Rx
	LTE radio: normal operation, ISM radio: interfered by LTE

	Rx
	Rx
	No coexistence problem

	Tx
	Tx
	No coexistence problem


(2) Interference between LTE working on Band 13 (777-787 MHz, 746-756 MHz)/Band 14 (788-798 MHz, 758-768 MHz) and GPS (e.g. 1575.42MHz ) radio

	LTE
	GPS
	Interference status

	Tx
	Rx
	LTE radio: normal operation, GPS radio: interfered by LTE

	Rx
	Rx
	No coexistence problem


RAN2 is primarily responsible to investigate suitable mechanisms for interference avoidance from signaling and procedure point of view, and RAN4 is to verify the effectiveness of the solutions identified by RAN2. For reference, the objectives of this study item are listed as follows:
· Evaluate whether existing RRM mechanisms could be utilized to effectively solve the coexistence problems that arise in supporting the scenarios abovementioned and guarantee the required QoS in LTE with proper GPS/ISM operation.
· If legacy signaling and procedure are not sufficient to ensure required performance in the interested coexistence scenario, study enhanced mechanisms to better avoid interference and mitigate the impact caused by ISM radio.

· Impact on legacy LTE UEs should be minimized.
This SI is expected to be completed in December 2010, with a TR presented at RAN#50.
3 Feasibility Analysis of Reusing Existing Mechanisms
As stated in the study item description, the first step of this SI is to evaluate to what extent the abovementioned coexistence problems could be effectively solved by existing LTE R8/R9 mechanisms. Therefore, in this section, we try to give some high level analyses.
In order to overcome interference caused by simultaneous operation of LTE and ISM/GPS, generally we can force LTE radio to work at different frequency or time that will not impact or be impacted by ISM/GPS.
(1) Interference avoidance from frequency domain perspective
A straightforward solution is to move the UE to a different frequency or RAT without coexistence issues. For LTE radio in idle mode, RSRQ measurement could trigger the UE to reselect a cell of other frequency or RAT, so that reception for system information and paging could be guaranteed. For LTE radio in connected mode, RSRQ measurement and report can also help network to detect the interference experienced by UE and handover it to other frequency or RAT. Besides handover, the UE could rely on the Radio Link Failure (RLF) mechanism for selecting to a different frequency autonomously. But some potential problems exist in the above mechanisms and further analyses are needed:
a) TimeToTrigger for measurement report and T310 for RLF detection are normally configured in the order of 100ms, which will delay the action of switching the UE to other frequency or RAT. Due to lack of knowledge of coexistence, network is impossible to configure timer of smaller value for this kind of UEs. Therefore, whether or not the packet loss for both LTE and ISM/GPS sides are acceptable before LTE radio starts to operate on other frequency/RAT needs to be evaluated.
b) Even after the UE switches to the alternate frequency, the network can handover the UE back to problematic frequency channel due to e.g. load balancing, which leads to ping-pong effect.
c) RSRQ measurement is optionally configured, and it is possible that eNB only configures RSRP reporting since the potential coexistence issue is not known by eNB.
d) The abovementioned mechanisms would only work for the case where the interference is occurring on LTE Rx due to ISM but not for the case where LTE Tx is causing interference to ISM. Therefore, if LTE side does not detect enough interference, LTE network will “ignore” the impact from LTE Tx to ISM/GPS Rx. This is especially true for GPS, since there is only the GPS reception capability in UE and LTE radio will never be interfered by GPS.
(2) Interference avoidance from time domain perspective

To solve coexistence issues from frequency domain perspective relies on the fact that there are other frequency channels and/or RATs available to the UE. This may not 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/RAT, or if the UE does not support multiple RATs. For such cases, time sharing between LTE and ISM/GPS is another kind of solution to mitigate interference, i.e. only allowing one of the interfering radios to operate at a time. Currently, since LTE network is not aware of coexistence issues faced by UE, the time sharing can only be performed by UE autonomously. Due to lack of coordination with eNB, inappropriate time sharing mechanism could cause many retransmissions observed by eNB. In order not to impact normal HARQ too much, ISM/GPS radio could try to make use of the sleep time in DRX cycle or measurement gap of LTE as much as possible. But due to uncoordinated DL/UL scheduling from eNB, it is very likely that the time for ISM/GPS operations can not be ensured and the time sharing between different technologies becomes unpredictable and complicated. 
4 Directions of Potential Enhanced Solutions

As analyzed above, it seems that some existing LTE R8/R9 mechanisms could be helpful to detect and mitigate coexistence issues to some extent. However, some potential constraints and problems which would possibly deteriorate the QoS of LTE and disturb ISM/GPS operation are also discussed. Detailed analyses and evaluations are needed to verify the effectiveness of reusing existing solutions.
After evaluations, if LTE R8/R9 mechanisms are deemed insufficient to solve the coexistence issues, some initial considerations on potential enhancements could be:
(1) Make the network aware of the possible coexistence issues at UE side
If eNB knows that the UE is (potentially) experiencing in-device interference, more coordination between network and UE to facilitate the coexistence would be expected. For example, time sharing could be performed under control or coordination of eNB, or eNB could avoid switching UE to the problematic part of the band as much as possible.
(2) Make use of the prior knowledge of “in-device” interference
One character of in-device coexistence case is that UE knows the status of different radios. This means that the UE is aware of possibility of interference once one of the radios is activated. Therefore, it is feasible to make use of this knowledge to improve the effectiveness of solutions for interference avoidance, e.g. reducing the latency of triggering HO or declaring RLF.
5 Conclusion

This contribution gives an overview of the interested scenarios and objectives of the study item on interference avoidance for in-device coexistence. High level analysis on effectiveness of reusing existing mechanisms to solve the issue is given. In addition, directions of potential enhancements are discussed.
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