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1 Introduction
In FDM solution, the UE informs the E-UTRAN when transmission/reception of LTE or other radio signal would benefit or no longer benefit from LTE not using certain carriers or frequency resources. And the UE indicates which frequencies are unusable due to the in-device coexistence to the network. There was a discussion about what other information is needed for a FDM solution [1][2] and RAN2 [3] decided that it would be valuable to have a source eNB transport (part of) the information received from the UE to a target eNB at handover and the details are FFS. In this contribution, we explain the benefit of the additional information during handover and propose information which should be added to specify the handover operation depicted as FFS.       
2 Discussion
Ping-pong [4] during handover is very undesirable, and frequent ping-pong situations could waste signaling and other resources. A ping-pong problem may arise when the UE is interfered from an ISM component, which may cause the UE to handover. However, when the ISM component is not active, the interference may be reduced upon which the UE may try to return back to the frequency of the previous serving eNB/cell, which may now have stronger signal strength than the frequency of the current serving eNB/cell. Depending on the ISM component behaviour such as traffic pattern and burstiness, this behaviour may occur frequently. To avoid the undesirable signalling overhead, a ping-pong problem between the source and target frequency of eNB/cell should be minimized as far as possible. If a target eNB is aware of that the UE has been experienced interference on the frequency of previous serving eNB/cell due to the in-device coexistence, it can provide the handover operation to solve the undesirable ping-pong problem.
 Figure 1 shows the call flow for handover due to in-device coexistence interference. The UE sends an indication message to the serving eNB. If the UE sends a proactive indication message with additional information (e.g. triggering reason and unusable frequency etc.) before the network makes the decision, the target eNB is able to avoid handover to a frequency which is likely to suffer interference from the ISM component so that the ping-pong problem can be avoided. Otherwise, if the UE sends a reactive indication with additional information (e.g. triggering reason and unusable frequency) due to the on-going interferences of the in-device coexistence, the target eNB is able to avoid handover back to the frequency of the previous serving eNB/cell so that the ping-pong problem can be avoided.  

Observation 1: A Ping-pong situation can be avoided by each of a reactive and a proactive indication with Triggering reasons and Unusable Frequency information transported to the target eNB.  
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Figure 1. Call flow for the handover due to in-device coexistence interferences
When the target eNB receives the unusable frequency and triggering reason information from the UE through the serving eNB, it can recognize the handover situation due to in-device coexistence and it allocates available frequency which can avoid the on-going interference due to in-device coexistence. As mentioned above, if the ISM component is temporarily not interfering due to its traffic pattern and burstiness, the UE may be sent back to the previous. Depending on the ISM component behaviour, ping-pong behaviour can occur. The Keeping Time indication for this situation could be used to enhance the FDM and handover operation at the target eNB/cell. The UE sends the desired Keeping Time, based on the ISM component traffic characteristics, to the target eNB/cell through the serving eNB/cell. When the target eNB/cell receives Keeping Time with the indication of in-device coexistence interference, it should keep the current connection with the UE for at least the duration of the Keeping Time or should not instruct the UE to handover back to the frequency of the previous serving eNB/cell for the duration of the Keeping Time. If the target eNB/cell is not made aware that handover of the UE is due to coexistence interference, the target eNB/cell may try to handover the UE back to the original frequency of the previous serving eNB/cell. This could trigger handover immediately away from the original cell on reactivation of the ISM component. 

Observation 2: The resolution for ping-pong problem can be enhanced with keeping time at handover  
Based on observations 1 and 2, it has been clearly shown that FDM solutions will be improved if the source eNB transports the proposed information, received from the UE, to a target eNB. And it also shows that the indication can include more information as well as unusable frequencies for FDM solution with the triggering of indication focusing on scenario 1 and 3 in table 5.2.1.1A-1 [2]. 
Proposal 1: Discuss and adopt that handover operation is enhanced by each of a reactive and a proactive indication with Triggering reasons, Unusable Frequency information and Keeping Time information transported to the target eNB.  
Proposal 2: Discuss and adopt the attached text proposal   
3 Conclusion
In this paper, we explained the benefit of the additional information for the handover/FDM solution and proposed the some potential information which could be added on the indicator among the UE, serving eNB and target eNB. And also we investigated that the reactive and proactive indication could be suitable with the additional information for handover and FDM solutions. Based on the investigation and proposal, RAN2 is kindly requested to consider and adopt the following observations and proposals.        
Observation 1: A Ping-pong situation can be avoided by each of a reactive and a proactive indication with Triggering reasons and Unusable Frequency information transported to the target eNB.  
Observation 2: The resolution for ping-pong problem can be enhanced with keeping time at handover  
Proposal 1: Discuss and adopt that handover operation is enhanced by each of a reactive and a proactive indication with Triggering reasons, Unusable Frequency information and Keeping Time information transported to the target eNB.  
Proposal 2: Discuss and adopt the attached text proposal   

4 References
[1] R2-111334, “ Open issues for the indication”, LG Electronics Inc.

[2] R2-111234, “Enhancement of FDM solution and HO”, Research In Motion UK Limited

[3] 3GPP TR36.816 v1.0.0.1, “Study on signalling and procedure for interference avoidance for in-device coexistence (Release 10)”
[4] R2-103785, “RRM analysis for in-device coexistence”, Qualcomm Incorporated
5 Annex – Text Proposal

5.2
Description of interference avoidance solutions
5.2.1
LTE network-controlled UE-assisted solutions
5.2.1.1A
General
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. 
[…]



The UE sends the reactive or proactive indication with some information (e.g. triggering reasons, unusable frequencies and keeping time etc.) to the serving eNB and the information reported by the UE is transported by the serving eNB to the target eNB at handover situation. When the target eNB receives the information from the serving eNB, it may use information to control the handover. Example of the call flow at handover is depicted in Figure 5.2.1.1-1.
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Figure 5.2.1.1-1. Call flow for the handover due to in-device coexistence interferences

[image: image3.jpg]




1


_1363008157.vsd
UE


S-eNB/cell


T-eNB/cell


Indication
(Reason/Triggering, 
Unusable frequency, 
Keeping Time)


The in-device coexistence interference occurs


Neighbor eNB/cell Scanning


Indication message generation


Select T-eNB/cell 


HO REQUEST
(Reason/Triggering, 
Unusable frequency, 
Keeping Time)


Resources 
Setup


HO REQUEST ACK


HO COMMAND


HO COMPLETE


1. Not instruct HO to the frequency of the previous serving eNB/cell

2. Hold the connection during Keeping Time



