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1 Introduction

At RAN-48 a new Study Item on “Signaling and procedure for in-device coexistence interference avoidance” has been approved. In this document we provide an initial evaluation of the problem and list candidate solutions to solve it.
2 Discussion

In this section we briefly evaluate if existing mechanisms provide sufficient means to cope with interference caused by in-device ISM transmitters and, based on those findings, propose some alternative approaches. We would like to point out that a more thorough analysis is needed before final conclusions can be obtained.
In the following we focus on the example of Band 40 (2300 – 2400 MHz) while the analysis applies also to other scenarios.

LNA Saturation – The most severe problem with in-device interference is saturation of the LNA
 which causes all component carriers in the affected LTE band (e.g. the entire Band 40 (2300-2400MHz)) to fail. Saturation occurs if the interference caused by the ISM transmitter exceeds the dynamic range of the LNA circuit. This depends on the transmission power of the interferer and its frequency. For LTE in Band 40, an ISM interferer in the lower part of the adjacent ISM band (e.g. WLAN Channel 1) is particularly crucial. 
There are two potential ways to resolve the saturation problem. One could use an 80 MHz filter in the TD-LTE receiver (2300-2380 MHz) that can give sufficient rejection of the interferer in 2400-2420 MHz. One should however note that with today’s technology, it is not possible to resolve the saturation by re-tuning filters. 
20 MHz guard band – Therefore, in a simplest approach, all UEs with an in-built ISM transmitter operating in adjacent frequency band are equipped with only the 80 MHz filter and use the frequency range from 2380 to 2400 MHz as guard band. The obvious drawback is that few (if any) LTE UEs will be able to use these 20 MHz. 

Dynamic guard band – Alternatively, the UE could be provided with two RF filters in a filter bank, one for 80 MHz and one for 100 MHz. The UE could then autonomously switch between the two filters depending on whether the ISM transmitter is enabled and if it uses the adjacent channel (WLAN Channel 1). Alternatively, the eNB could indicate to the UE which filter to use but we fail to see how the eNB would be aware of the channel usage. No matter how the switching between the filters is triggered, also this approach has a significant drawback: The above-mentioned filters contribute significantly to the overall cost of the device and having two of them might lead to unacceptable device manufacturing costs. 
Restrict ISM channels – Instead of limiting the use of the upper 20 MHz of the LTE band, it might be possible to avoid using the in-device ISM transmitter (WLAN/BT) in the adjacent channel (2400-2420 MHz; WLAN Channel 1). This restriction could apply at any time or only when LTE is used in the affected Band 40. While this approach could be realized in the UE without any specification impact, it is in particular unfavorable if the end user has no control the channel used by a WLAN access points he attempts to connect to.
Informing the eNB – No matter which of the above-mentioned approaches for saturation avoidance a UE uses, the eNB must be informed which LTE component carriers it may use. Obviously, any static solution (guard band in Band 40 (2380 – 2400 MHz) or a guard band in the ISM band (2400 – 2420 MHz)) comes with least complexity as the available spectrum is standardized and known both to the UEs and the network. On the other hand the more dynamic approaches require some information exchange between the UE and the network. 
Autonomous filter selection – If the UE establishes a guard band (switch from 100 MHz to 80 MHz filter) as soon as the ISM device is enabled and configured for the adjacent channel (2400 – 2420 MHz), it is no longer able to transmit or receive on the affected component carrier. A new RRC procedure could be defined to inform the eNodeB about the autonomous change of the RF filter. However, the actual purpose of such a notification is to inform the eNodeB about the carrier being unusable. 
Reusing RRM & CQI reports – The UE might use the existing RRM and CQI measurement reports to inform the eNodeB that a component carrier is not longer usable. To do so, the UE could report RSRP = -140 dBm, RSRQ = -19.5 dB and CQI = 0 as soon as it enables the 80 MHz filter, i.e., independent of the actual measurement results. The eNB, which should preferably be aware of the particular situation in upper part of Band 40, would consequently remove the Secondary Serving Cell. 
Interference on non-adjacent component carriers – We would like to highlight that not only the carrier directly adjacent to the ISM interferer is affected. A UE detects interference caused by the transmitter of an ISM band (WLAN, BT) when performing regular RSRP/RSRQ measurements. Consequently, the eNB becomes aware of the situation once it receives a corresponding measurement report. However, depending on the pattern (burstyness) of the ISM transmitter the averaged RSRP/RSRQ measurements may still indicate decent performance even though the link is unusable in certain subframes. Not only RRM measurement reports but also CQI reports are likely to show the interference caused by the ISM transmitter but also here, it depends on the pattern whether the measurement provides decent information to the eNB. We think that RAN4 could define special conditions (combination of ISM transmit power and channel; burstyness of the measured interference caused by the ISM transmitter) under which the UE could be allowed to override the actual measurement values and to send the lowest available values instead (see above). 

Interference to ISM – Not only the LTE receiver in the UE is disturbed by the ISM transmitter - the LTE transmitter also interferes into the ISM receiver. According to the SI description this should also be avoided. While it is not possible to measure this interference anywhere in the network the eNB could stop sending uplink grants (and disable SRS) when it becomes aware e.g. from above-mentioned downlink RSRQ/RSRP measurements, that an ISM device is active in the UE. Of course, this works only in a TDD environment!
FDD - In a TDD environment, as primarily investigated in this SI, the approach of overriding actual measurements based on the activity state of in-device ISM transmitters can solve the problem for both uplink and downlink. In an FDD environment, it would naturally help in a scenario where the ISM band is adjacent to an LTE downlink carrier. This is due to the fact that RRM and CQI reports are designed to provide information about the downlink channel quality. However, even if the ISM band is adjacent to an LTE uplink carrier the solution can be applied: When the ISM transceiver in the UE is enabled, the UE reports very low channel quality on the linked LTE downlink carrier (as above) which forces the eNB to stop using it (preferably to remove the Secondary Serving Cell). In Rel-8/9 and also in LTE Rel-10 with carrier aggregation, the eNB is enforced to release the uplink carrier for this UE.  
3 Conclusion

In this contribution we provide a brief analysis of the problem of in-device interference and propose potential alternative schemes to avoid saturation of the LNA and to control interference efficiently. 
As described in section 2 it is vital to protect the LNA from saturation which requires some guard band between the ISM channel and the LTE carrier used by the terminal. While a static guard band in the ISM or LTE band is simple to realize, it reduces the available bandwidth significantly. On the other hand, a dynamic LTE guard band requires multiple filters which increases the terminal costs significantly. If the dynamic approach is chosen, we tend to prefer that the UE selects the appropriate filter autonomously based on whether ISM (e.g. WLAN) is enabled and which channel it uses. And we think that existing measurement functionality should be used to inform the eNodeB of the unavailability of certain LTE carriers. We outlined how the UE could override the actual measurements with pre-defined values as soon as the ISM transmitter is enabled. 
We ask RAN2 to discuss the issue and to maintain close cooperation with RAN4 on this matter.

We would also like to highlight that we focused on ways to handle in-device interference, i.e., when the ISM transmitter is part of the LTE UE. However, we think that also inter-device interference needs to be taken care of in the given scenario of Band 40. Careful investigation is needed to determine whether existing RRM/CQI measurements provide sufficient information in these scenarios. 
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