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1 Introduction

RAN plenary has agreed that a study on how to enable that a UE is configured with SCells in unlicensed bands shall be carried out in the RAN groups, i.e. so called Licenced Assisted Access (LAA). RAN2’s task is to [1]:

1) Identify the need of and, if necessary, evaluate needed enhancements to the LTE RAN protocols to support deployment in unlicensed spectrum for the scenarios and requirements described above [RAN2]
In this document we look in to the in-device coexistence (IDC) feature.
2 Discussion

2.1 IDT feature overview
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. 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 can then handover the UE to another frequency or reconfigure the cell.
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2.2 IDT and LAA

LAA targets 5 GHz frequency bands. In these bands there are operating other technologies such as WLAN and it should be possible to detect WLAN at the same time as LAA is operating even though this does not imply that the UE shall have concurrent LAA and WLAN transmission/reception.[1]
WLAN is supported in the 2.4 GHz and 5 GHz band. First, for the scenario in which the UE is trying to detect WLAN in the 2.4 GHz band and simultaneously is operating LAA (at 5 GHz), there will be no IDC problems since the frequency separation is large enough to ensure sufficient isolation. So the UE will be able to detect WLAN at 2.4 GHz without any problems even when operating LAA in the 5 GHz band.
Observation 1 There are no IDC problems in case of WLAN on 2.4 GHz and an LAA-carrier on 5 GHz.

However, if the UE is trying to detect a WLAN at 5 GHz at the same time as it is operating LAA (also at 5 GHz) the frequency separation is much smaller and a transmission on an LAA carrier may cause interference such that the WLAN detection fails. The UE may not be able to solve this interference problem itself, and would need assistance from the network, which can be done by applying the IDC-solution.

With the IDC-solution the UE would (after trying to solve any IDC problems) send an IDC indication to the eNB to indicate that it is experiencing IDC problems which it cannot solve by itself. If the UE determines that a TDM-solution can be used to resolve the IDC-problems, it can also provide TDM assistance information in the IDC indication. The UE would determine if there is a TDM scheduling pattern which could be used to resolve the IDC problems (example in Figure 3). The UE would then try to find a subframe bitmap or DRX pattern which fits the scheduling pattern (example in Figure 4) and indicate this to the network. The network would, based on the subframe bitmap or DRX pattern suggestion from the UE try to find and configure the UE with a suitable DRX pattern (which fits both the UE’s suggestion and the network as well) which would allow the UE to receive the WLAN beacon signals and hence detect the WLAN. In similar manner, IDC solution can be used if there is parallel communication on LTE LAA and WLAN.
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Figure 3: Scheduling pattern example.
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Figure 4: Example of DRX fitted to scheduling pattern.
Of course, if the UE does not see that a TDM solution will solve the problem the UE will omit TDM assistance information. In this case, the IDC problem can be solved by FDM manner based on reported frequencies. And if the DRX pattern which the UE has suggested is not suitable for the network, the eNB can instead deconfigure the LAA carrier which is creating problems.

Observation 2 The existing IDC solution can be used to resolve potential IDC issues also in LAA.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1 RAN2 assumes that IDC problems in case of LAA can be solved with the existing IDC feature as baseline.
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Figure � SEQ Figure \* ARABIC �2�: Rel-11 in-device coexistence issue example.
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