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1 Introduction

At the last meeting RAN2 agreed to include five use cases (e.g. LTE+BT ear phone), three basic modes of interference avoidance (Uncoordinated, Coordinated within UE only, Coordinated with network level (UE gives assistance information to network)) and three solutions candidates (Move LTE signal away from ISM band, Move ISM radio signals away from LTE signal, Time domain multiplexing) in the technical report [2]. 
In section 2.1 we take a closer look at the three solution candidates and compare them in terms of end-to-end performance and usability. Based on this comparison we suggest focusing on solutions where spectrum that is temporarily affected by in-device interference is mainly used as additional resource (SCell).
In section 2.2 and 2.3 we elaborate on mechanisms for protecting in-device ISM/GPS receivers from LTE uplink transmission and for protecting an LTE receiver from the interference caused by an in-device ISM transmitter, respectively. 
2 Discussion

At RAN2-71bis it has been agreed to capture in the technical report [2] three solution candidates for handling in-device interference coexistence. 
The first two solution candidates “Move LTE Signal away from ISM Band” and “Move ISM Radio Signal away from LTE Frequency Band” could be seen as guard bands. This means, that spectrum affected by too strong interference remains unused. As we explained in [3], such guard bands could be static or dynamically adapted based on the current resource need. Figure 1 shows a deployment with two LTE bands of which one is adjacent to or at least close to an ISM band. 
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Figure 1: Two LTE Bands (green); one experiencing strong interference from an ISM band (blue)
Upon too strong (in-device) interference in Band A the network could disable that band for this particular UE and instruct it to use Band B instead. Note that we assume that the two bands are served by independent radio front-ends equipped with filters providing sufficient protection from the interferer. Naturally, this solution requires that the operator has another band (Band B) available with sufficient separation and that sufficiently many UEs do not suffer from ISM interference and can still use Band A. If the latter is not the case, Band B would be overloaded whereas Band A cannot be fully utilized. 
Figure 2 shows a variant of the solution in which we assume that the band suffering from in-device interference is very wide (e.g. Band 40, adjacent to an ISM band). 
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Figure 2: A wide LTE Bands (green) adjacent to an interfering ISM band (blue)
Also here it is possible to “Move the LTE Signal away from the ISM Band” by splitting the band into multiple component carriers. UEs, experiencing interference from the ISM band would not be configured with the affected carriers. However, typical UE implementations will provide a single radio front-end for the band equipped with a single set of filters optimized and adjusted for the entire band (Band A). As we highlighted in [3], the LNA serving the (entire) band would experience saturation even if the component carrier adjacent to the ISM band would not be configured as SCell for this UE. To solve this problem, UEs would need to be equipped with a second set of filters optimized for the lower, less affected part of Band A. Obviously, these additional filters increase the device costs considerably and low-end UEs may prefer to provide only the narrower filters. Consequently, those could never be operated in the upper part of the band – not even in situations with little interference from an adjacent ISM band. For such UEs, the upper part of the band would in fact be a static guard band. 
If the UE provides multiple filters for the same (Figure 2) or different bands (Figure 1) the network can allocate the UEs depending on the current interference situation and resource requirements. In that sense, also the two solution candidates “Move LTE Signal away from ISM Band” and “Move ISM Radio Signal away from LTE Frequency Band” might have a time-component allowing sharing the affected spectrum between ISM and LTE in a TDM fashion. 
However, at RAN2-71 the “Time Division Multiplexing (TDM)” was listed as a separate, third solution candidate. We therefore ask RAN2 to clarify what distinguishes the concept of dynamically “moving away LTE from the ISM band” or “moving away ISM from the LTE band” from a “TDM approach”. 
We assume that the “TDM approach” describes the scenario where no alternative spectrum is available, i.e., both schemes shown in Figure 1 and Figure 2 are not applicable. 
Proposal 1 Discuss whether the “TDM approach” refers to the scenario where no alternative spectrum is available so that LTE/ISM cannot transmit simultaneously. 
2.1 Performance Impact of Solution Candidates

If this definition of the “TDM approach” is agreeable, we suggest evaluating the impact of the dynamics of the first two solution candidates independently of those of the TDM solution. 
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Figure 3: Dynamic sharing of spectrum with (left) and without (right) 
the possibility to use alternative LTE spectrum.
As indicated in the left part of Figure 3, in-device interference that enforces the network to disable certain component carriers or to perform an inter-frequency handover is likely to reduce the available data rate (temporary rate reduction shown in the left figure). However, it may be assumed that the (short-term-average-) data rate is never zero so that at least services sensitive to delay variations such as VoIP can be maintained. Data transfers (TCP based) may have some difficulties to adapt to the variations in data rate but the service performance can be expected to be reasonably good. 
If, as shown in the right part of Figure 3, the in-device interference disables temporarily any LTE data transfer, significantly decreased end-to-end performance must be expected. How bad the impact is depends on the duration of the interference bursts and the time available in between for resuming the data transfer. In the following we investigate two cases.
According to [4] GPS receivers acquire information once every few seconds for several hundred milliseconds. Compared to MAC scheduling in LTE, this could be seen as a slow behavior
. It is obviously not possible to fulfill typical performance requirements (e.g. VoIP and signaling delays) if the LTE UE must suspend its uplink transmission for several hundred milliseconds every few seconds. Also other applications such as TCP based file transfers can hardly cope with idle periods of several hundred milliseconds. TCP is likely to experience timeouts which in turn enforce TCP slow starts and low throughput. 

By sharing the frequency resources between LTE and ISM at a much higher frequency (toggling e.g. every 20 ms) the impact on the application layer could be reduced significantly. VoIP, file transfer (TCP) and most other applications would see little performance degradation. However, we expect significant impact on the radio access performance in particular if the downlink LTE transmission/reception is disabled e.g. every 40 ms for 20 ms. While transmitting on the ISM band, the UE would not be able to receive any LTE signal from the eNB. Not being able to receive synchronization and reference symbols would not only have severe impact on measurement performance. We also expect glitches due to switching between radio front-ends and due to re-tuning filters. The switching may also require a re-synchronization phase once the LTE signal is available again. Consequently, a fraction of the radio resources dedicated to LTE could not be utilized which reduces the system capacity. Furthermore, this TDM approach would have considerable impact on L2 protocols, most notably on the HARQ operation. HARQ processes and pending retransmissions would need to be suspended whenever the radio resources are allocated to the ISM transceiver. This affects in particular but not only the uplink. 
Proposal 2 RAN2 should carefully investigate the impact of a pure TDM approach on end-to-end performance and system capacity and decide whether or not this scheme needs to be supported in the near future. 

If RAN2 comes to the conclusion that the pure TDM approach (solution candidate 3) provides unacceptable performance and/or system capacity, we suggest focusing further work on the solution candidates 1 and 2. 
Proposal 3 RAN2 should focus on solutions where spectrum temporarily affected by in-device interference is mainly used as additional resource (SCell).

If Proposal 3 is agreeable, RAN2 should investigate how to make such spectrum available for LTE whenever no ISM interference is present. 
2.2 Protecting ISM/GPS from LTE Uplink Transmission
As explained above, certain LTE bands are expected to interfere with GPS reception. Therefore, uplink transmission in concerned LTE bands should be temporarily interrupted in order minimize interference to the in-device GPS receiver. For that purpose, RAN2 could define a mechanism by which the UE sends a gap pattern to the eNB. This time- and optionally frequency domain pattern would specify the subframes in which the in-device GPS receiver (or any other receiver) intends to receive a signal and requires the UE not to perform any interfering uplink transmission. The network could avoid scheduling UL transmissions for the affected uplink carrier (SCell) accordingly. 
The network should also ensure that no uplink control signaling is sent during the requested idle periods. If the concerned terminal uses the affected LTE carrier as SCell, it does not transmit PUCCH signaling on it. Consequently, HARQ feedback for downlink transmissions is not affected by such an approach. But the eNB must ensure that the UE is not requested to transmit Sounding Reference Symbols (SRS) in the affected subframes. It may either disable periodic SRS temporarily by RRC signaling or it may use only aperiodic SRS on this SCell. It would also be possible to allow the UE to stop SRS transmission autonomously, but we strongly recommend sticking to the principle that uplink transmission is fully scheduled in LTE. 
Allowing the UE to request temporary idle periods for its uplink SCell transmissions comes with reasonably low complexity and acceptable performance impact. We therefore suggest to discuss such a solution and to check with RAN4 whether the approach provides sufficient protection in particular for GPS receivers e.g. in Band 13/14. 

Proposal 4 Discuss whether UEs should be allowed to request idle periods in uplink SCell transmission to protect other in-device receivers (mainly GPS). 
2.3 Protecting LTE from ISM Transmission
In [3] we described how an LTE UE could autonomously disable an LTE SCell as soon as an in-device ISM transmitter is being enabled and configured for the adjacent channel. In certain scenarios (see Figure 2, e.g. band 40) this requires switching to another set of RF filters in order to avoid LNA saturation. In other cases (Figure 1) the UE may simply disable the affected LTE radio front-end.  

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. 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 (temporarily) unusable. Consequently, the UE may use the existing RRM and CQI measurement reports to inform the eNodeB that a component carrier is no longer usable. To do so, the UE could report RSRP = -140 dBm, RSRQ = -19.5 dB and CQI = 0 as soon as it disables a certain carrier (e.g. upon switching from a 100 MHz filter to a 80 MHz filter in Band 40), 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 for this UE. 

The eNB may configure a measurement event for the disabled carrier which triggers a measurement report as soon as the ISM interferer is disabled again. It may then decide to configure the corresponding SCell.

Not only may the carrier directly adjacent to the ISM interferer be affected by in-device interference. Also carriers with better separation may experience increased interference and consequently worse channel quality. 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. It would need to be discussed whether special conditions (combination of ISM transmit power and channel; burstyness of the measured interference caused by the ISM transmitter) need to be defined under which the UE could be allowed to override the actual measurement values and to send the lowest available values instead (see above). 
We think that autonomous disabling of component carriers in combination with special handling of RRC and CQI measurements is simple and provides good performance. But we acknowledge of course that it does not allow sharing the affected carrier on a millisecond bases. In that sense it is a radio resource management function rather than a new scheduling scheme. Given the analysis in section 2.1 we concluded that too frequent switching between radio access technologies is not feasible due to the increasing overhead (glitches, RF warm-up, CQI adjustment, …) upon each transition.
Proposal 5 Discuss whether UEs may autonomously deactivate the affected SCells in case of strong in-device interference.

Proposal 6 Discuss whether it is suitable to allow UEs to indicate persistent downlink in-device interference using existing RRM/CQI reporting.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
Discuss whether the “TDM approach” refers to the scenario where no alternative spectrum is available so that LTE/ISM cannot transmit simultaneously.
Proposal 2
RAN2 should carefully investigate the impact of a pure TDM approach on end-to-end performance and system capacity and decide whether or not this scheme needs to be supported in the near future.
Proposal 3
RAN2 should focus on solutions where spectrum temporarily affected by in-device interference is mainly used as additional resource (SCell).
Proposal 4
Discuss whether UEs should be able to request idle periods in uplink SCell transmission to protect other in-device receivers (mainly GPS).
Proposal 5
Discuss whether UEs may autonomously deactivate the affected SCells in case of strong in-device interference.
Proposal 6
Discuss whether it is suitable to allow UEs to indicate persistent downlink in-device interference using existing RRM/CQI reporting.
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� It should be noted that an in-device GPS receiver does not disturb the LTE UE but only the other way around. The LTE UE must therefore stop its uplink transmission in order to allow the GPS receiver to read the positioning information.
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