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1 Introduction

In this contribution, we discuss when the UE is allowed to send an IDC interference indication to the network and if there is a need for new measurements to support such indication. In addition, we discuss how the network can control the number of indications and what kind of information is needed in the IDC interference reporting.

In general, any standardized solution should fulfil the following characteristics: 

1. The network should get consistent indications from all UE implementations about IDC interference, that is, the severity of the interference problems when the report is triggered should not vary significantly between different implementations. 
2. The solution should not limit UE implementation specific solutions used to reduce the interference before the IDC indication is actually triggered.

2 Discussion
2.1 Reported frequencies

In the recent RAN2 meetings, different views concerning which frequencies the UE could report IDC interference problems have been presented:

1. The UE reports which of the frequencies are unusable due to IDC interference problems for all frequencies in all bands it is supporting.
2. The UE reports which of the frequencies are unusable in a limited set of frequencies. This set can correspond to the configured set of frequencies currently measured in normal RRM measurements or be some other configured set.

3. The UE reports IDC interference problems only if the interference is on the serving frequency.

The advantage of the first approach is that if IDC problem occurs, then the network knows in advance to which frequencies the UE could be moved in the HO process. Thus the FDM process is potentially quicker. However, the UE may unnecessarily report all possible frequencies that are not anyway used by the network.  
The advance of the second approach is that the IDC report is potentially smaller and some overhead is avoided. If all frequencies are unusable in the limited set of frequencies, the network may configure additional frequencies to report. The additional delay due to this is not necessarily so significant. However, typically the configured set of frequencies would include all frequencies supported by the network.
Finally, reporting IDC problem only in the serving frequency is logical because only in this case the interference can really be intolerable. However, the FDM solution might be delayed because the network may not know which of the non-serving frequencies could be suitable since IDC interference is not reported on those frequencies.
Proposal 1 The network configures the set of reported frequencies in the IDC report either by a separate configuration procedure or together with the RRM measurement configuration.
2.2 Indication of interference level
Recently in RAN2 it has been discussed if the UE should be able send an IDC indication to the network when it finds out that there is a problem. For efficient network operation, this is not necessarily sufficient. Instead, the network should be able to control in which kind of situations FDM/TDM solutions are used. For example, it can be that the alternative cell is congested because all UEs are reporting IDC problems. Then the network may want to keep the UE in the current cell although the UE is suffering from the interference. Low in-device interference can potentially be solved to some extent e.g. with HARQ retransmissions and robust link adaptation. If the cell congestion is not a problem, then the UE can be moved to the alternative cell already at lower interference levels keeping the QoS as good as possible. 
The network could get information of interference severity by two different ways: there could be a threshold to limit when the IDC indication can be triggered or the interference level (in dBm) could be included in the IDC indication. The first option reduces signaling load since the IDC indication is not sent when interference is not above the threshold. Second option provides more dynamic tools for the network to decide when to initiate HO without reconfiguring the trigger threshold. We consider that the former approach is preferable.
The trigger threshold could include two parameters: the interference level (e.g. in dBm) and the ratio of interfered subframes.  When both criterions are exceeded, e.g. when ISM interference is over 6 dBm in more than 10% of subframes, the UE is allowed to send the IDC report. 

After the IDC interference indication is transmitted, the UE should not trigger another indication immediately if the interference level has not changed drastically because this would increase signaling load unnecessarily. Also, if the change in interference level is within certain boundaries then there is no need to re-transmit IDC indication.

Proposal 2 Introduce an IDC indication trigger threshold and a prohibit timer to avoid unnecessary IDC reports. The threshold as well as prohibit timer should be configurable by the network.
To maintain sufficient QoS level, it could be useful that the IDC indication can be sent also proactively. If severe interference is already on-going, DL transmissions cannot be decoded by the UE and there is a risk of radio link failure. There have been concerns that proactive triggers lead to unnecessary handovers or other actions. However, the network can control amount of proactive triggers by configuring a suitable trigger threshold. In addition, the trigger type (on-going/pro-active trigger) could be indicated in the IDC report. Also in this scenario it is good to have consistent reporting about expected interference levels.

Proposal 3 Whether the IDC indication is proactive or not, should be indicated in the report.

The UE could also include any available RRM measurement results for the carriers for which measurements have been configured together with IDC indication. This would speed up the procedure in case FDM is used.
2.3 UE assessment of the interference
In RAN2, it has been discussed if new measurements should be introduced to detect IDC interference or if the UE assessment of the interference should be an implementation specific issue. The network should have knowledge about the situation when the UE has triggered IDC indication so that the network can be operated in the most efficient way. That is to say, the IDC indications from various UE implementations should be aligned to some extent. 

Specifying new measurements would require substantial efforts in standardization and it is unclear how well the UE is able to perform such measurement e.g. without measurement gaps. On the other hand, leaving everything to UE assessment means that decision to send IDC indication can vary hugely between different vendors.
Instead of defining new measurements, it is also possible to specify conditions when to trigger IDC indication. When such conditions occur, the UE is required to report IDC interference. The procedure to determine such condition could be the following: 

1. The UE is expected to know how much in-device interference a WLAN/BT transmission on a certain frequency with a certain power level causes to the LTE reception on a certain LTE carrier. This information can be stored in the device.
2. The UE monitors on-going and/or expected activities in ISM and LTE side.
3. If the interference exceeds the configured threshold(s) for one or more carriers, the UE should send an IDC indication to the network. This indication could include approximate fraction of interfered subframes (maybe for all carriers with configured thresholds).  
Whether the IDC indication would be based on the above procedure or the new measurements should be discussed further in RAN4 in terms of performance requirements for IDC indication.

Proposal 4 Send LS to RAN4 asking whether the performance requirements for IDC reporting assuring consistent IDC interference reporting should be specified. 
2.4 Current RRM measurements 

When a UE is reporting IDC interference with the IDC indication, the current RRM measurements are naturally still performed. Recently it has been discussed in RAN2 how to handle these measurements.  There are different alternatives for this:

1. Keep current RRM measurement requirements untouched. This means that e.g. RSRQ measurements might include or not include ISM interference part.

2. Provide RRM measurements without ISM interference, e.g., by performing RRM measurements when ISM side is not active.  Because the network has already got information of the IDC interference level in the IDC indication, this interference is not be included in the RRM measurements, especially in RSRQ measurements, anymore. 
3. Provide RRM measurements so that they include ISM interference as well. The problem of this approach is that it is hard to guarantee that ISM transmission and LTE measurement overlap.    
The need to further specify and restrict normal RRM measurements depends on accuracy of IDC interference indication. If it is accurate enough, the FDM/TDM solution might be solely based on IDC indication (and potentially RSRP measurements).
3 Conclusion

In this contribution, we have made the following proposals:

Proposal 5 The network configures the set of reported frequencies in the IDC report either by a separate configuration procedure or together with the RRM measurement configuration
Proposal 6 Introduce an IDC indication trigger threshold and a prohibit timer to avoid unnecessary IDC reports. The threshold as well as prohibit timer should be configurable by the network.
Proposal 7 Whether the IDC indication is proactive or not, should be indicated in the report.
Proposal 8 Send LS to RAN4 asking whether the performance requirements for IDC reporting assuring consistent IDC interference reporting should be specified.
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