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1 Introduction

The severe degradation in performance of LTE and ISM due to in-device interference has been established in [2]. An earlier liaison document [3] from RAN4 to RAN2 had also addressed the same issue. There have been other contributions in RAN4 regarding LTE and ISM coexistence as well [4,5]. The ISM band (2.4-2.48 GHz) is close to Band 40 (2.3-2.4GHz intended for LTE TDD) and also Band 7 (2.5-2.6 GHz for LTE UL).  

As discussed in [8], the coexistence scenarios from the point of view of LTE can be categorized into the following scenarios – 

· Scenario 1: Multi frequency/alternate high data rate RAT deployment, with only LTE UL causing interference to another technology.  Currently, there are no RRM mechanisms that can solve the issue in this scenario since LTE by itself does not experience any degradation.
· Scenario 2: Multi-frequency/alternate high data rate RAT deployment, with LTE DL experiencing interference from another technology: In this scenario, the DL RLF procedure is a candidate RRM mechanism to restore the connection by moving the UE to another channel. The latency associated with the current RRM scheme was analyzed in [8] wherein it was suggested to be improved. Also, even if the UE re-establishes the connection on a different frequency channel, the network can still handover the UE back to the original frequency channel that was corrupted by the in-device interference. Being transferred back and forth between the corrupted channel and the desired channel is the ping-pong problem that was discussed in [8]. This is a likely scenario if the eNB uses RSRP reports to make handover decisions since different deployment coverage can cause the corrupted channel to actually be stronger than the desired coexistence interference-free channel. Using RSRQ measurements may avoid the ping-pong problem but this may not be preferred due to additional configuration/reporting overhead in the system.
· Scenario 3: No alternate frequency or high data rate RAT available, with either LTE UL or DL experiencing in-device coexistence issue: In both scenarios 1 and 2, it is assumed that there are multiple frequency channels/RATs available for LTE in a deployment area so that there may exist some channels/RAT among these which are not affected by in-device coexistence. However, as discussed in [9], there are important scenarios where this will not be the case. e,g, if all frequencies in the deployment suffer from coexistence issue and only low data rate alternate RATs such as 2G systems are available. An example of a scenario where no other frequencies are available is coexistence of LTE in Band 14 with GPS.
In this contribution, we propose solutions and related standards changes that can help in mitigating the impact of the in-device coexistence.

2 Proposed Solutions
2.1  UL RLF solution

This solution is applicable to Scenario 1. It consists of the UE declaring UL RLF and accessing another frequency channel which is known to cause reduced interference to the other technology. The standard needs to explicitly allow such a UE procedure.
2.2 Message based solutions

This solution is applicable to Scenarios 1 and 2. A message based solution consists of the UE sending the details of the interference being seen to the eNB. One can think of this as an “enhanced measurement report.” This report may be configured by the eNB . The message can contain a list of elements, each identifying interference scenario between a Carrier Frequency or RAT and the interfering technology. This can be a dynamic message that provides updates on the interference conditions as necessary. The eNB can use the above information to identify the frequencies or RATs which are not affected by in-device coexistence and perform an inter-frequency/inter-RAT handover to the correct frequency or RAT if necessary. This can facilitate faster inter-frequency/inter-RAT handovers and also avoid the ping-pong problem. 

If the coexistence is due to LTE UL, this method can be an alternative to defining a new UL RLF mechanism. If the coexistence is seen by LTE DL, this messaging scheme can result in a faster switch to a different channel than the DL RLF mechanism discussed in [8], and can also be useful when the coexistence problem is present, but not severe enough to cause RLF at the UE. 
The messaging scheme has an additional benefit of avoiding the ping-pong problem, in the following manner. If the UE accesses another channel either due to UL or DL RLF, it may again send the enhanced measurement report indicating the previous channel to be degraded due to coexistence. Such reports effectively indicate to the eNB that it must not do a handover back to the affected channel. This mechanism therefore prevents the ping-pong problem that can result if the UE uses the DL or UL RLF mechanisms discussed above.
The following information needs to be included in the enhanced measurement report for the condition of each frequency or RAT being reported, i.e. the report includes a list of coexistence status for several channels - 
1. Carrier Frequency: The information would be in the existing ARFCN-ValueEUTRA format (as specified in [6, Table 5.7.3-1]) with either one channel value if default Tx-Rx separation is assumed or two channel values if default separation is not assumed. This can either be the serving frequency or any another frequency.
2. RAT: This can be in the form of existing message formats such as ARFCN-ValueUTRA, CarrierFreqGERAN or CarrierFreqCDMA2000 [6]. This will mainly be used to identify alternate RATs that are candidates for handover as a result of not being affected by in-device coexistence issue.
3. Interfering technology identifier: This can identify the interfering technology on the device corresponding to the reported channel/RAT such as BT, WLAN, GPS etc. and also specify the parameters associated with the traffic type on them such as voice, data etc. This may be needed by the eNB if it uses a policy for making a handover decision based on the priority of the other technology being protected. For instance, for the LTE-ISM coexistence, the eNB may choose to do handover to protect BT but not WLAN. 

4. Interfering direction information: One bit can be used to identify whether the UL of the reported channel/RAT is causing in-device coexistence problem. Another bit can identify whether the DL of the reported channel/RAT is experiencing degradation due to in-device coexistence. It may be possible that both bits are set to indicate coexistence issue on both LTE UL and DL. The direction information identifies whether LTE is the aggressor , the victim or both with respect to the in-device interference. It can be used along the with interfering technology identifier in the handover decision at the eNB. 
The standard needs to support the above fields as part of a new coexistence message or add to an existing message.

3 Conclusion

Coexistence solutions based on modification of existing mechanisms in the standard have been provided.  The support for UE autonomously accessing another channel by means of an UL RLF is suggested to be made explicit. A message based coexistence report is also proposed that can be used by the eNB to make an informed decision for inter-frequency/inter-RATs handover to effectively overcome the coexistence issue. 
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