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1 Introduction

A new study item [1] for the in-device coexistence issue analysis has been approved in the RAN plenary. The severe degradation in performance of LTE and ISM due to in-device interference has been established in [2] and summarized in Appendix I. 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 purpose of this paper is to evaluate whether existing RRM mechanisms in LTE can be utilized to solve the coexistence problem and guarantee proper LTE and ISM/GPS operation. Currently, it is not possible for the eNB to be aware of the timing of the other technologies at the UE side. Also, there is no mechanism for eNB to become aware of when the other technologies on the device become active. This poses a limitation for time sharing techniques to solve the coexistence problem.
2 LTE causing interference to ISM/GPS
It was shown in [2] that BT error rate is unacceptable when LTE is active in some channels of Band 7 or even Band 40 for some BT channel conditions. Even though there is no degradation to LTE, simultaneous operation with BT can result in disruption in voice services terminating in a BT headset. This will be unacceptable by the consumer. A similar issue exists when LTE transmissions interfere with GPS. Currently, there is no RRM mechanism that can solve this issue since LTE by itself does not experience any degradation.
Proposal 1: Agree that there is no current RRM mechanism to mitigate the case of LTE causing interference to ISM/GPS receiver.
3 ISM causing interference to LTE when multiple frequencies are deployed
It was shown in [2] that LTE DL error rate can be very high (44-55% on PDSCH) when BT is active and LTE is deployed in Band-40. A normal handover procedure for LTE with RRC message exchange is not guaranteed to succeed in this scenario. Typically, we can expect the high DL error rates to instead lead to a DL RLF. Subsequently the UE can attempt to re-establish the connection by accessing another frequency.  There are two problems associated with this behaviour – 

1. QoS degradation during RLF: The DL RLF mechanism in LTE is supposed to be used only in extreme scenarios such as coverage holes and is not designed for maintaining QoS guarantee of an on-going connection. The time to declare RLF can be quite large, depending on the network settings of the RLF timer T310 and N310 counter. Once the UE has declared DL RLF, it has to perform initial search and then access a different channel which leads to additional delay. The total latency to declare RLF and establish a connection on a new frequency channel can be up to 1.5 seconds. The latency analysis is shown in Appendix II: Access Latency analysis
2. Ping-pong effect: 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. This is a likely scenario because the desired signal strength on the corrupted channel may be higher and this will be reflected in the measurement reports based on RSRP to the eNB. Hence, a ping-pong effect of being transferred back and forth between the corrupted channel and the desired channel can happen if the eNB uses RSRP reports to make handover decisions. This scenario is particularly likely if the coverage is different on different carrier frequencies causing the corrupted channel to be the strongest one.
The QoS degradation due to latency associated with accessing another frequency may be acceptable if it only happens once when the interfering technology become active but this needs further discussion. The ping-pong effect may also be avoided if the eNB uses RSRQ measurements instead of (or in addition to) RSRP to make handover decisions. However, given that the eNB cannot identify the UEs that may be using their ISM radio, it will have to configure all UEs in the cell for RSRQ measurements, leading to additional configuration/reporting overhead.
Proposal 2: Agree that RLF procedure is a candidate RRM mechanism to restore the connection in the case of ISM causing interference to LTE receiver when multiple frequency channels are available in the deployment. It should be discussed whether the latency associated with the current RRM scheme should be enhanced.
4 ISM causing interference to LTE when only a single frequency is available

It is possible that multiple frequency channels are not available in a given deployment area. In this case, the UE will have to access a different RAT if it is available. The latencies associated with DL RLF followed by access on another RAT can be significantly higher than analysed here for access on a different frequency channel. This can also lead to connection drops. In the worst case, there may neither be other frequencies nor other RATs available to the UE. In this case, the eNB currently does not have mechanisms to allow coordinated time sharing of LTE with other technologies on the UE. This scenario will require a further study of techniques to support coexistence in the single corrupted frequency channel.
Proposal 3: Agree that the current RRM mechanism has several deficiencies in the case of ISM causing interference to LTE receiver when multiple frequency channels are not available in the deployment.

5 Conclusions
In this paper, we show that the existing RRM mechanisms can not be efficiently utilized to solve the coexistence problems that arise in simultaneous operation of LTE with ISM in certain important scenarios. It is necessary to study enhanced mechanisms to mitigate the impact of in-device coexistence.
6 Appendix I
The following is a summary of the RF interference analysis presented in [2].
1. LTE Band 40 to ISM interference: LTE deployed in upper 30MHz of Band 40 can desense the entire ISM band. Also. LTE in any channel in Band 40 can desense the lower 20MHz of the ISM band.
2. ISM to LTE Band 40 interference: ISM in lower 20MHz can desense all channels in LTE Band 40. Also, ISM technology in any part of its band can desense the upper 20MHz of LTE Band 40.

3. LTE Band 7 to ISM interference: LTE Band 7 UL deployed in 2510MHz channel can desense the entire ISM band.

4. ISM to LTE Band 7 interference: LTE DL in Band 7 is far away from ISM band to suffer interference
With LTE deployed in Band 40, it was shown that in some scenarios BT as a Master can cause about 44% DL error rates and BT as a Slave can cause about 55% DL error rate. With LTE deployed in Band 7, BT Rx error rate is 100% with high data rate applications on LTE. Even if LTE is deployed in Band 40, BT link errors can lead to BT performance degradation in a coexistence scenario. 
7 Appendix II: Access Latency analysis
The following are the stages in computing the access latency due to DL RLF.
1. Detection of physical layer problems in RRC_CONNECTED: The physical layer notifies RRC of a radio problem after out-of-sync is detected in 20 measurement intervals, i.e. 200ms. Upon receiving a radio problem notification, RRC starts timer T310 (assuming N310=1 as a typical value).
2. Detection of Radio Link Failure: The value of the timer T310 is typically set to 1s. So, it takes 1s for the RLF to be declared. 
3. Cell Selection: Since the UE knows that the previous frequency channel is corrupted due to in-device co-existence, the UE can begin scanning other frequencies on the neighbor list. While the UE is aware of which frequency channels are the best from a point of view of in-device interference, the UE may not know which channel has the best link quality at the time, especially if the UE did not have reliable inter-frequency measurement data before RLF was triggered. Typically each frequency channel scan lasts for 40ms. So, the cell selection can take up to 40*K ms, where K is the number of frequencies scanned before a suitable cell is found. Assuming K=4, we get a scanning delay of  160ms.
4. RRC Connection Re-establishment: Once a suitable cell is found, the RRC connection re-establishment procedure can take 200ms before data transfer can resume. The assumption here is that the new cell is prepared to accept the UE which may be the case if the new cell is at the same eNB. However, if the new cell is not prepared, for instance if the new cell is at a different eNB, then the RRC connection re-establishment can take even longer than the 200ms mentioned here.
Adding the above delays, we get an access latency due to DL RLF of (200ms+1000ms+160ms+200ms) = 1.56 seconds
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