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1. Introduction

In the study item phase, it was agreed that an indication will be sent by the UE when it encounters in-device coexistence issue and the indication can be sent due to LTE serving frequency or non-serving frequency being affected by ISM interference or may become affected by ICO interference. The followings are the open issues which are further discussed in this contribution:

· What re the trigger for the indication
· Details of the procedure for TDM and FDM solution
· How to forward the information during inter-eNB handover
2. Discussion
2.1. What are the triggering scenarios for the Indication
The following triggering scenarios are provided in the TR [1]:

	Scenario
	Simple description for each scenario

	1
	On-going interference on the serving frequency

	2
	Potential interference (currently not on-going) on the serving frequency

	3
	On-going interference on non-serving frequencies 

	4
	Potential interference (currently not on-going) on non-serving frequencies 


It was also mentioned that the trigger of indication will focus on 1 and 3. Triggering Scenario 1 is suitable for the case where LTE radio TX causing interference to ISM radio RX only (i.e. Band 7). Triggering Scenario 3 is included to ensure that the eNB does not handover (due to mobility of ICO) to the non-serving frequencies. As on Scenario 2 and 4, further explanation is given as follows in the TR respectively:
1) the UE indicates to the network that coexistence problems may become serious on the serving frequency due to e.g. increase of ISM traffic;

3) the UE indicates the network that coexistence problems may become serious on the non-serving frequencies (no serious coexistence problems on the serving frequency).

The use case of Scenario 2 is to inform the eNB beforehand to prepare for a FDM or TDM solution before the ISM interference occurs on the DL LTE serving frequency. This is probably needed for the case when ISM radio TX is also causing interference to LTE radio RX (i.e. Band 40). If this is not done beforehand, the eNB may not be able to reliably provide the TDM/DRX configuration or request for further measurement configuration for FDM solution. 
As for the use case of Scenario 4, it seems to be just to inform the eNB not to handover to the non-serving frequencies if there is a handover decision to be made either due to mobility or due to ICO on the serving frequency. We think that this is quite a corner case in which mobility handover or ICO handover on the serving frequency occurs at the same time as an ISM device is to be used. 
Hence, at least Scenario 2 needs to be looked into as one of the scenario for triggering the indication.

Proposal#1: Scenario 2 (Potential interference (currently not on-going) on the serving frequency) should also be one of the scenarios for triggering the indication. 
However, allowing Scenario 2 may result in potential misuse and unnecessary trigger. It is preferable to limit the trigger to a certain stage of the ISM device activation before the UE can trigger such indication. The usage scenarios that required LTE action are provided below:

a) LTE + BT earphone: the trigger of the indication can be conditioned by when BT connection setup for an on-going voice call or multimedia service or when the voice call or multimedia service is to be routed to the BT device
b) LTE + WiFi offload: the trigger of the indication can be conditioned by when the UE/user selects to use a WiFi channel that will be severely impact LTE. However, this is not a sufficient condition as there may be no offload. Some forms of new measurement are also required in this case.  
For the LTE + WiFi portable router scenario, it is assumed that it does not require any LTE action as the router will be able to find the least affected WiFi channel and probably nothing needs to be done.
Hence it is proposed:

Proposal 2: For LTE + BT earphone, it is sufficient to define new conditions or test cases (e.g. when BT connection setup for an on-going voice call or multimedia service or when the voice call or multimedia service is to be routed to the BT device) for the trigger of the indication
Proposal 3: For LTE + WiFi offload, other than defining the new conditions, new measurement needs to be defined.
2.2. Procedure

2.2.1 FDM solution procedure

One possible FDM solution procedure is to be like the proximity indication where it is possible that some of the measurement configuration related to inter-frequency may not be setup. The Indication triggers the eNB to configure the inter-frequency measurement and measurement gaps. The UE then reports the measured results via the measurement report which will be used for the handover decision.
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2.2.2 TDM solution procedure

The same procedure used by FDM solution can also be applied for the TDM solution. Instead of measurement configuration, the eNB can request for TDM information. The UE then provide TDM information and the eNB can provide the DRX configuration. The procedure is as shown below:
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TDM solution procedure
If the eNB knows that FDM solution is not available, it can also indicate the need of TDM information at the beginning of the RRC connection/handover at least for the serving frequency scenarios (i.e. Scenario 1 and 2).

It can be seen that the procedure between the FDM and TDM is quite similar. The only difference may just be on the message used for reporting the measurement results in the FDM solution case and the UE providing the TDM information.

Proposal#4: Adopt the proximity indication like procedure for FDM and TDM solution as follow:
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2.3. How to forward the FDM and TDM information during inter-eNB handover
In the SI phase, the following 2 options are identified to convey the information of coexistence to a target eNB to avoid ping-pong handover back to the problematic frequency.
· The information is transferred from the source to the target eNB;

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

For the FDM solution, the indication from the UE will provide the unusable frequencies.
For the TDM solution, the information that may be provided in the indication are e.g. interferer type, mode, and possibly the appropriate offset in subframes to the eNB. The UE can also signal a suggested pattern to the eNB and eNB can then decide on the final pattern or DRX configuration.
There are 2 main questions to decide on which option to take:

· Whether the information is immediately needed after the handover?
· Whether the ICO information will change after the handover?

2.2.1 Whether the information is immediately needed after the handover?

There are 2 scenarios where inter-eNB handover may occur:

· Mobility: Within this, there are 2 sub-scenarios:
· TDM solution is applied because of coexistence issue in serving frequency
· No coexistence issue on serving frequency but received unusable frequencies and/or TDM solution information in the indication for non-serving frequencies
· Coexistence problem if FDM solution is used with inter-eNB handover.
· Switch from TDM solution to FDM solution
· Coexistence problem occurs on serving frequency
In the first scenario with TDM solution applied: If it is an intra-frequency handover, the same TDM solution is again needed to be used by the target eNB. Hence in this case, it seems to be that this TDM solution information needs to be provided to the target eNB for coexistence problem free at the target eNB. If it is performing an inter-frequency handover and the target frequency is usable, then there is no need to convey the information related to the TDM solution immediately and the target eNB can wait for the UE to provide the up-to-date information about unusable frequencies for FDM solution. If it is performing an inter-frequency handover and the target frequency is unusable and there is no other frequency available to handover, then the same TDM solution may be needed like in the intra-frequency case. In this case, the target eNB needs to know that the frequency/cell selected by the source eNB is not usable. 
In the first scenario with no coexistence issue except on the reception of unusable non-serving frequencies: If it is an intra-frequency handover or if it is an inter-frequency handover and the target frequency is usable, there is no need to send any FDM or TDM information to target eNB. If it is an inter-frequency handover and the target frequency is unusable and there is no other frequency available, the target eNB may need the possible TDM solution information (if available) to be able to ensure that it is coexistence problem is solved after the handover. Otherwise it will need to request for the TDM solution immediately after the handover which may be too late.
In the second scenario, since FDM solution is applied to solve the coexistence problem, we do not see the need to convey the information immediately as the UE can provide the information after the handover via another indication.

Observation#1: If TDM solution is needed to be used on the target frequency, then there is a need to provide the TDM solution information to the target eNB.
Observation#2: If inter-eNB handover is due to solving coexistence problem, it is not essential to send the unusable frequencies to the target eNB. 
2.2.2 Whether the information in the Indication may change during a handover?

As mentioned in Section 2.2.2, inter-eNB handover occurs due to mobility and coexistence problem. 
For handover due to coexistence problem, the unusable frequencies may change during the handover (e.g. WiFi offloading may have stopped while BT coexistence is still present).

As for the mobility case, we have to look at the usage scenarios. The usage scenarios identified during the SI are BT (voice) + LTE, BT (audio) + LTE (multimedia); portable WIFI router with LTE backhaul and WIFI offload + LTE. It is clear that in the first 3 usage scenarios, mobility on the LTE does not play a part. However, for WiFi offload, the unusable frequencies related to it may change depending on whether the UE enters/leaves the WiFi hotspot after the inter-eNB handover.
Observation#3:  In some cases, unusable frequencies may change during inter-eNB handover due to mobility or coexistence problem.  
Even though it is nice to align FDM solution with TDM solution (based on Observation#1), we think that a separate method of providing the target eNB with the information should be used for FDM solution and TDM solution. It is hence proposed that:
Proposal#5: For FDM solution, the UE shall provide the FDM information (if available) via the indication again after every handover

Proposal#6: For TDM solution, the source eNB should provide the TDM information to the target eNB during the handover.

3. Summary

It is requested that RAN2 discuss the proposals/observations:

Proposal#1: Scenario 2 (Potential interference (currently not on-going) on the serving frequency) should also be one of the scenarios for triggering the indication. 

Proposal 2: For LTE + BT earphone, it is sufficient to define new conditions or test cases (e.g. when BT connection setup for an on-going voice call or multimedia service or when the voice call or multimedia service is to be routed to the BT device) for the trigger of the indication

Proposal 3: For LTE + WiFi offload, other than defining the new conditions, new measurement needs to be defined.

Proposal#4: Adopt the proximity indication like procedure for FDM and TDM solution
Observation#1: If TDM solution is needed to be used on the target frequency, then there is a need to provide the TDM solution information to the target eNB.

Observation#2: If inter-eNB handover is due to solving coexistence problem, it is not essential to send the unusable frequencies to the target eNB. 

Observation#3: In some cases, unusable frequencies may change during inter-eNB handover due to mobility or coexistence problem.  

Proposal#5: For FDM solution, the UE shall provide the FDM information (if available) via the indication again after every handover

Proposal#6: For TDM solution, the source eNB should provide the TDM information to the target eNB during the handover.
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