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1 Introduction
A new study item in [1] was approved in RAN#48 to study interference problems arising from co-existence of multiple radios in a UE. It was originally discussed in RAN4 where it was concluded that RF design alone cannot solve this problem [2].

In the last RAN2 #70bis meeting, two types of solutions have been discussed:

A. Frequency domain solutions, consisting of moving the UE to a different LTE frequency (via reselection or inter-frequency handover) when such interference exists (or is likely).

B. Time domain solutions, consisting of co-ordination to ensure that transmission on one radio does not occur simultaneously with reception on the other radio.
This contribution outlines available approaches to avoid the high-level in-device interference, and discusses the feasibility and potential improvement of existing frequency and time domain solutions.
2 Discussion

In [3], two specific interference scenarios are identified:
1. Interference between LTE on upper part of band 40 (2300 MHz-2400 MHz) and ISM (e.g., WLAN 2.4 GHz – 2.4835 GHz).

2. Interference between LTE on band 13 (777-787 MHz, 746-756 MHz)/ band 14(788-798 MHz, 758-768 MHz) and GPS (e.g., 1575.42 MHz).

It may depend on use cases which radio in the in-device coexistence should be protected with a higher priority for better user experiences. For example, if a user has a cellular call to a Bluetooth (BT) headset while doing web-browsing via WLAN, a user focus would be both LTE and BT operations. Thus, it is recommended to consider solutions that can handle both the interference to LTE from ISM and the interference to ISM/GPS from LTE.
Studies in [3] and [4] show that some frequency domain solutions are already available in LTE Rel-8/9 but have significant limitations:

1. Legacy RLF mechanisms can be considered for moving UE to another frequency. However, the time taken to detect/declare RLF can be too long (seconds) and in general, eNB does not know when UE is experiencing ISM interference. Moreover, the UE may be handed over again to the problem frequency.

2. RSRQ measurements can be used to trigger handover to another frequency. However, eNB may not always configure RSRQ measurements and is unaware of the possibility of ISM interference to configure RSRQ measurements.

3. The frequency domain solutions considered so far only attempt to avoid interference from ISM Tx to LTE Rx, but not from LTE Tx to ISM Rx.

However, as indicated in [3], UE can exploit the knowledge on the status of other radios for the interference avoidance. That is, whenever the UE becomes aware of simultaneous operations of multiple radios such as LTE transmission and ISM/GPS reception, UE can be allowed to declare RLF. In the re-establishment procedure that follows, the UE can bar the LTE frequency on which it was operating. It may also be necessary to inform the network that the particular frequency is barred, to prevent the UE being handed over to that frequency. Similarly, measurement reports from the UE, when simultaneous ISM transmission and LTE reception are started, can be used to trigger an inter-frequency handover. The concept of “fake measurements” [5] can be used in order to avoid UE’s being handed over to the problem frequency again. That is, inter-frequency measurements for the problem frequency are overridden by low measurement values (fake measurements) as long as ISM transmission is going on, or WLAN/BT are in active mode.

For Rel-10 and beyond, carrier aggregation based solutions may be applicable. For example, if UE informs eNB of the coexistence interference on a certain component carrier by explicit signalling, then eNB can deactivate the problematic component carrier for some time duration. Alternatively, such signalling can be used by the network to change the primary cell of the UE.
If there is only one LTE frequency available and it is interfered by or causes interference to ISM/GPS, frequency domain solutions may not be possible and some type of time sharing among multiple radios may be necessary. “Time sharing” between the LTE and ISM/GPS to avoid interference may require the eNB to adapt its scheduling based on limitations imposed by ISM/GPS [6]. However, adapting the LTE side to ISM/GPS needs does not seem to be possible within the Rel-8/9 framework, and it may require extensive control/management at the eNB. 
3 Summary
This contribution presents further considerations on basic approaches available for the in-device coexistence interference avoidance. Interference avoidance seems feasible with the existing RRM mechanisms as long as other frequencies are available, which is very likely for Band 40 deployment scenarios. 
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