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1 Introduction
While details of triggering of indication of in-device coexistence interference were left to the work item phase, the following has been agreed:

· The triggering should focus on scenario 1 (on-going interference on the serving frequency) and scenario 3 (on-going interference on non-serving frequencies).
· UE sends an indication to the network to report the interference conditions.
The following have been left for discussion in the work item phase:

· How the UE determines that there is an unacceptable level of interference

· How to ensure that unnecessary and incorrect triggers (trigger misuse) are avoided

In this contribution we focus on triggering mechanisms based on ongoing interference and further details of the indications.

2 Discussion

2.1 Triggering when LTE DL is impacted
When ISM transmissions impact the LTE DL, the impact is reflected in the LTE signal quality and measurements. Regular measurements performed on the LTE side may not reliably identify interference caused by ISM transmissions. Before taking actions to avoid coexistence interference, it is necessary to ensure that the interference is indeed due to ISM transmissions, and not due to normal signal variations due to mobility.

The primary difference between normal signal level changes due to mobility and signal level changes due to ISM coexistence interference is that the latter is much larger (due to the ISM transmitter being physically very close to the LTE receiver) and abrupt. Thus the following approaches can be considered for attributing interference on the LTE side to ISM transmissions:
1. UE can perform measurements (e.g. RSRQ measurements) in subframes in which ISM transmission occurs. These measurements take into account interference due to the ISM transmission and when compared with regular measurements can indicate to what extent ISM transmissions contributes to the signal degradation. 
2. UE can perform measurements more frequently when the ISM transceiver is turned on. The more frequent measurements can allow the UE to observe interference due to ISM transmissions earlier than measurements performed with the normal periodicity. 
The above approaches are considered to be feasible and reasonable from an implementation point of view. Further analysis on the relative merits would be beneficial and help narrow the options. Some initial considerations regarding the pros and cons of these approaches:

· The first approach requires some interaction within the device from the ISM side to the LTE side to indicate that ISM transmission is occurring. However, as discussed in [1], this indication may not need very stringent timing coordination; therefore it is assumed to be feasible. 
· In the second approach, the quick identification of interference depends on how frequently the measurements are performed. Thus there is a tradeoff between excessive power consumption (due to very frequent measurements) and reliability of the mechanism.

Proposal 1a: LTE measurements performed when ISM transmissions are occurring should be considered as a candidate approach for identifying ongoing interference from ISM to LTE.
Proposal 1b: More frequent LTE measurements when ISM transceiver is enabled should be considered as a candidate approach for identifying ongoing interference from ISM to LTE.
2.2 Triggering when ISM Rx is impacted
When LTE UL transmission impacts the ISM reception, LTE measurements cannot detect the interference. In a device operating on LTE in band 40 and on ISM, LTE DL measurements can detect interference from ISM to LTE. Therefore, although LTE DL measurements cannot detect the LTE to ISM interference, the coexistence interference problem is recognized based on the ISM to LTE interference. 
In a device operating on LTE in band 7 and on ISM, the LTE DL does not experience any interference from ISM because the DL frequencies for band 7 are very well separated from the ISM band. And given that LTE DL measurements cannot detect LTE to ISM interference, an alternative approach is needed to recognize the coexistence interference problem. It should be noted that the impact from LTE band 7 UL to ISM is much less severe than the impact from LTE band 40 UL to ISM, due the presence of a guard band [2]. 
If an LTE UL transmission overlaps an ongoing ISM transmission, in order to correctly receive the ISM transmissions the UE has to apply a power backoff for the LTE UL. A similar backoff is applied when the UE has to perform “power management” (e.g., to meet SAR limits in dual RAT devices) – this procedure has been recently agreed in RAN2. The UE applies a power backoff for power management purposes and a PHR is triggered. The same principle can be used for triggering coexistence interference avoidance actions. That is, a PHR reported when UE applies a power backoff to protect ISM transmissions can be used to trigger In-device coexistence solutions [3]. 
The eNB can use the power headroom reported to determine whether any coexistence solution needs to be applied. For example, if the power headroom is low enough to not be able to continue normal operation it can initiate an FDM or TDM solution. Thus it may be possible to use the existing procedure as agreed in [4] without any procedural specification changes. 
Proposal 2: Power reduction due to power management can be used to initiate In-device coexistence solutions. 
Details of Indication of ongoing interference

A natural question that arises regarding indication by the UE of the ongoing interference is what information is contained in such an indication. Specifically, would this need to be a new type of message or would it be possible to simply reuse existing messages and procedures?
Based on the discussion in section 2.1, measurements can serve as the basis for determining interference due to coexistence. Thus measurement reports can themselves serve as the indications of ongoing interference from the UE, since they will include the measurement information that indicates the interference problem. Similarly, based on the discussion in section 2.2, PHRs can serve as the indication from the UE. Therefore, additional messages/indications are not necessary for signalling ongoing interference.

Proposal 3a: A measurement report can serve as an indication of ongoing interference from ISM.

Proposal 3b: A PHR can serve as an indication of ongoing interference to ISM.
3 Summary
We have discussed further details of triggering of in-device coexistence actions and reviewed several approaches. In-device coexistence actions may be needed both when the LTE interface is affected by ISM transmissions and when the ISM interface is affected by the LTE transmissions. For the first case, we make the following proposals:
Proposal 1a: LTE measurements performed when ISM transmissions are occurring should be considered as a candidate approach for identifying ongoing interference from ISM to LTE.

Proposal 1b: More frequent LTE measurements when ISM transceiver is enabled should be considered as a candidate approach for identifying ongoing interference from ISM to LTE.

For the latter case we make the following proposal:

Proposal 2: Power reduction due to power management can be used to initiate In-device coexistence solutions. 
Further, in order to indicate on-going interference conditions, we propose to use mechanisms that are currently available. Specifically,

Proposal 3a: A measurement report can serve as an indication of ongoing interference from ISM.

Proposal 3b: A PHR can serve as an indication of ongoing interference to ISM.
We request RAN2 to discuss and agree the above proposals.

4 References
[1] R2-110327
[2] R4-102416, “In-device coexistence interference between LTE and ISM bands”, Qualcomm.

[3] R2-106475, “Discussion on FDM approach for In device coexistence”, Motorola, RAN2#72.

[4] R2-110797, “PHR Trigger for Power Reduction Due to Power Management”, Qualcomm.











































































PAGE  
2

