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1 Introduction
RAN2 has agreed on the following during RAN2#72 (paraphrased from chairman notes):

· The UE determines which alternate frequencies can/cannot be used when in-device coexistence problems arise (“UE judgement”). 
· The UE indicates to eNB which frequencies are or are not useable when there is excessive interference from ISM Tx to the LTE DL or excessive interference from LTE UL Tx to ISM Rx.

Determination whether there is excessive interference to LTE DL was left FFS. Determining that there is excessive interference to the LTE DL is an essential step before any actions to avoid coexistence interference (i.e., FDM or TDM solutions) can be taken. This contribution focuses on measurements that can be used to determine that there is excessive interference due to ISM transmissions.
2 Discussion

Before taking actions to avoid interference to LTE due to ISM transmissions, it is necessary to establish that the interference caused by ISM transmissions is significant. First of all, it should be noted that interference avoidance actions should not be performed simply due to the ISM transceiver being turned on. Performing inter-frequency handover whenever the ISM transceiver is turned on can mean that some frequencies are heavily under-utilized, given that devices increasingly have the ISM transceiver always on (for example, LTE devices in homes and offices are likely to be connected via both LTE and WiFi). Likewise, performing time sharing between LTE and ISM (TDM solutions) whenever the ISM transceiver is turned on can mean a significant loss of capacity.

The interference due to ISM transmissions depends on the separation between the LTE and ISM frequencies, degree of transmit receive overlap between the two technologies, the transmit power level and spurious emissions of LTE and ISM technologies, antenna isolation, LTE and ISM RF filter and receiver blocking characteristics. Also, even if the separation between the LTE and ISM frequencies is small, the interference may not matter much if the ISM transceiver is not very active. Moreover, depending on their implementations, different UEs can experience different levels of interference for the same combination of LTE and ISM frequencies.
Interference from ISM transmissions can naturally impact RRM and CSI measurements on the LTE interface. However, low measurements do not always imply that ISM transmission is occurring. In order to correctly correlate measurements to ISM transmissions, it is necessary to perform LTE measurements when ISM transmission is occurring. If ISM interference is significant, LTE measurements performed during periods when ISM transmission is occurring (and averaged over several such periods) will be significantly lower than regular measurements. Below we provide our views on how such measurements can be performed.
In order to perform a set of measurements that overlap with ISM transmission periods, the LTE transceiver needs to know when the ISM transmissions will occur. Thus the following are needed to determine coexistence problems by performing LTE measurements:
· Information exchanged between the ISM and LTE transceivers (coordination within UE) to indicate periods of ISM transmission activity.
· Measurements by LTE transceiver during periods that overlap ISM transmission (as indicated by ISM transceiver).
There are many ways of performing the above coordination, all of which involve some form of signalling from the ISM transceiver to the LTE transceiver. However, strict timing requirements on the coordination can increase UE complexity. For example, it is necessary to understand how accurately the LTE transceiver needs to know the periods when ISM transmissions occur. Therefore, below we discuss how “tight” the coordination needs to be. We primarily focus on WiFi for the ISM technology, but the same conclusions are generally applicable for Bluetooth also.
We consider how much overlap there is between transmissions of typical WiFi packets and LTE subframes. A 1500 byte packet takes approximately 4 LTE OFDM symbols at 54 Mbit/s. Assuming a substantial amount of data transfer (which is when ISM interference problems are more likely), there can be a continuous transmission of packets with successive packets separated in time as shown in Figure 1. A packet transmission by the device is followed by a “Short Interframe Space” (SIFS) duration which is followed by an Ack transmission by the peer WiFi entity. If the medium is idle for greater than or equal to a DCF Interframe Space” (DIFS) period, the device transmits the next packet. In some cases the device may transmit the next packet after just a SIFS period following the Ack (for example, if the packets are fragments of an upper layer packet).  The SIFS duration is 10 μs and the DIFS duration is 50 μs
. Thus it is expected that during a substantial amount of data transfer from the device, majority of the LTE subframe overlaps WiFi transmission. This suggests that the accuracy (i.e., knowledge of when ISM transmission will occur) needs to only be down to the subframe level or units of multiple subframes.
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Figure 1: Interference to LTE due to continuous WiFi transmission

If the WiFi transmissions are sporadic, rather than continuous, a smaller fraction (or no part) of an LTE subframe may overlap a WiFi transmission (Figure 2). Thus LTE measurements performed when sporadic WiFi transmissions are ongoing would be closer to regular LTE measurements and as expected, interference avoidance actions would not be triggered in such a case. With sporadic transmissions, the interference to the LTE downlink is substantially lower than in the continuous transmission case. Therefore, in this case, it seems reasonable to not take interference avoidance actions (i.e., until the ISM interference is revealed in LTE measurements).
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Figure 2: Interference to LTE due to sporadic WiFi transmissions
For Bluetooth packet transmissions, a Bluetooth packet size can be small enough to complete transmission within a single time-slot of 625 μs, or can be large enough to require transmission over 5 time-slots. Considering that the Bluetooth time-slot duration is more than half the LTE subframe duration, it seems appropriate to indicate the Bluetooth interference to LTE with LTE subframe-level accuracy. 

Therefore we think that measurements that overlap ISM transmissions can be a viable approach to determining that interference is due to ISM transmissions. Our proposals are below.
Proposal 1: RAN2 should focus on the scenario of continuous WiFi transmissions (Figure 1) for ISM to LTE interference.

Proposal 2: LTE measurements performed when ISM transmissions are occurring can be used for evaluating interference caused by ISM transmission.
3 Summary
In this contribution we have provided some details of how LTE measurements can be used to determine and evaluate interference from ISM transmissions. RAN2 is requested to discuss and agree on the above proposals.











































































� The durations mentioned are for 802.11b/g. For 802.11a and 802.11n, the interframe spacing is shorter.
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