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1 Introduction

RAN2 is defining LWA and LWI and when these features are operating there may be IDC problems arising. The scenario is now different compared to when IDC was introduced in Rel-11 as now the eNB is in control of when the UE uses WLAN. If IDC problems occur because the eNB configured the UE to perform LWA/LWI then it would be beneficial for the eNB to be aware of this so that it knows that it can protect the LTE communication by stopping LWA/LWI.
2 Discussion
2.1 IDC
In Rel-11 the In-Device Coexistence (IDC) feature was introduced. This feature was introduced to tackle situations when a UE is operating multiple radio technologies and the radios used for these different technologies cause interference to each other. An example is shown in Figure 1 where transmissions by an LTE transmitter is causing interference to a GPS receiver and a Bluetooth/WLAN receiver, as well as the Bluetooth/WLAN receiver is causing interference to the LTE receiver.
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Figure 1: Self-interference in a device.
When the UE identifies that there is IDC type of interference the UE shall first try to solve the problems internally. If this does not succeed the UE can indicate to the eNB that it does experience IDC problems which it cannot solve itself. Note that how the UE detects IDC problems is left to implementation.

First, the UE indicates the frequencies that are suffering from IDC interference currently or in near future. In addition, if the UE determines that the IDC problems can be solved in a TDM-manner (i.e. by multiplexing the use of the interfering transceivers in time) the UE can indicate a bit-map or DRX cycles to the eNB which indicates which TTIs are affected by IDC interference.

When the eNB gets the indication it can take action to solve the problems, for example, handover the UE to the other frequencies, remove the problematic cell or configure the UE with a DRX-configuration which would solve the problem.

An example scenario where the IDC feature is useful is when the UE is using an LTE carrier in band 40 at the same time as it is using WLAN in the 2.4 GHz band. There may be IDC problems in this scenario since these frequency bands are just next to each other as shown in Figure 2. The UE would then try to solve the problems internally, but if it cannot do so it will indicate to the eNB that the serving cell on band 40 is having an IDC problem and the eNB can then handover the UE to other frequency or, in case of CA, deconfigure the problem cell, etc.
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2.2 WLAN failure report

While details remain to be determined, RAN2 has agreed to introduce a WLAN failure reporting feature where the UE indicates to the eNB if the UE is unable to connect to WLAN. For example, if the UE cannot connect to a certain WLAN due to authentication errors, WLAN chipset being turned off by the end user, etc., then the UE indicates that the UE cannot connect to a WLAN in the mobility set.
2.3 Relation between IDC indication and WLAN failure report
As described above, according to the existing IDC framework, the UE sends IDC indication if the current RRC configuration results in IDC problems which the UE cannot resolve itself. The IDC feature was introduced in Rel-11 with the scenario in mind that the UE decided to use e.g. WLAN and IDC-problems would then occur between the LTE and WLAN radio. A difference now is that the eNB will be in control of when and how the UE uses WLAN. Further, since now the eNB controls the WLAN usage (not the UE), the UE cannot know in advance that IDC problems will occur since it cannot foresee when the eNB will configure LWA/LWI so it cannot send an IDC report proactively.

So if IDC problems arise due to that the eNB configured the UE to do WLAN aggregation then it is not clear what the UE should do, i.e. should the UE send an IDC indication or a WLAN failure report?
We assume at least that the eNB should be aware of if the current or aimed LWA/LWI configuration would result in IDC problems such that the eNB can determine whether to reconfigure or avoid the LTE-configuration or the LWA/LWI configuration. This is important as the eNB may not want to prioritize LTE operation over LWA/LWI operation in case of IDC problems.

Proposal 1 The eNB should be made aware of if IDC problems are due to LWA/LWI.
We have two possibilities:
Alt 1. UE triggers WLAN failure and suspends WLAN traffic (applicable for LWA) and indicates an IDC cause value in the WLAN failure information
Alt 2. UE continues to perform LWA/LWI but sends an IDC-indication.

In Alt 1, the eNB is made aware of the IDC problems by use of the WLAN failure information-message. The UE would detect that; if starting/continuing LWA/LWI then IDC-problems would arise so therefore the UE avoids LWA/LWI and instead send a WLAN failure report. This would protect the LTE operation since the UE would not perform LWA/LWI if that would cause IDC problems. However it would not give the eNB the opportunity to know if and how to reconfigure the LTE-carriers to solve the IDC-problems. So an opportunity to use LWA/LWI would be missed.
In Alt 2, the UE would when experiencing/expecting IDC problems send an IDC indication and in the indication the UE could indicate which LTE-carriers are affected. The eNB could then decide whether to solve the IDC problems by changing the LTE-configuration or to stop LWA/LWI.
Proposal 2 The IDC indication is reused to indicate IDC problems caused by LWA/LWI. 
2.3.1 WLAN measurement report configuration

The UE may send an IDC indication if it foresees IDC problems. For example, if the UE is configured with a measurement configuration according to which it should measure a certain frequency, the UE may send the IDC indication in response to this measurement configuration if the UE expects that IDC problems would arise if a carrier is configured on this frequency.

Similarly for WLAN, we expect that the UE should send an IDC indication if it expects IDC problems if the UE gets configured with LWA/LWI in this situation.

WLAN measurements also support indicating the frequency/band that the UE shall measure on so the UE could potentially indicate a potential problem already upon measurement configuration.
Proposal 3 When being configured with WLAN measurements, the UE send an IDC indication if it expects IDC problems if LWA/LWI becomes configured.
In the existing IDC indication the UE indicates which LTE frequencies have problems. In an LWA/LWI scenario it may be so that a subset of WLAN frequencies/bands are troublesome. The eNB can then in response to receiving a WLAN measurement report indicating WLANs on several channels, select a WLAN which would not create IDC problems.
Proposal 4 The IDC indication should be extended to support indicating WLAN frequencies.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
The eNB should be made aware of if IDC problems are due to LWA/LWI.
Proposal 2
The IDC indication is reused to indicate IDC problems caused by LWA/LWI.
Proposal 3
When being configured with WLAN measurements, the UE send an IDC indication if it expects IDC problems if LWA/LWI becomes configured.
Proposal 4
The IDC indication should be extended to support indicating WLAN frequencies.


Figure � SEQ Figure \* ARABIC �2�: Rel-11 in-device coexistence issue example.
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