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1
Introduction
Sufficiently error free operation of in-device Bluetooth must be supported when used together with LTE. As pointed out in e.g. R4-102416 [1], LTE transmissions on Bands 7 and 40 may cause significant desensitization on the complete ISM band reception within the UE. Further, ISM band transmissions may cause significant desensitization on the complete LTE band 40 receiver. In cases where FDM solutions are not available, either TDM must be used, or the radios must rely on their native mechanisms to cope with interference.

This document presents our view on whether LTE-Bluetooth coexistence for VoIP service is sufficient with the current proposals.

2
Discussion
The document R4-102416 [1] lists in-device receiver desensitization in various problem cases with state of the art filter performance. The analysis results have been included also in the TR 36.816 [2]. As a summary, the interference across bands is impossible to solve with filtering only. If LTE is using the top ~30 MHz of B40, or the low ~25 MHz of B7, the complete ISM band will suffer from heavy desensitization. This is due to finite receiver linearity and the limited band filter attenuation close to passband edges (practically no guard band to B40, very narrow guard band to B7 UL). Example results are shown in Figure 1.
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Figure 1: Coexistence interference impact from LTE in B7 on BT [2]

Since the interference can desensitize the complete ISM band, the native Adaptive Frequency Hopping mechanism in Bluetooth does not help. In the case of TDD-LTE, some help may be expected from Bluetooth draft coexistence mechanisms (e.g. Bluetooth clock synchronization to LTE frame) [3]. In the case of FDD-LTE, even Bluetooth’s native re-transmission mechanisms cannot be relied on, since LTE uplink has no guarantees of empty slots or sub-frames. Thus, current Bluetooth interference avoidance mechanisms are not sufficient to solve all the problems for in-device coexistence scenario, and LTE solutions are needed.

The TR 36.816 lists as possible solutions: Move LTE Signal away from ISM Band, Move ISM Radio Signal away from LTE Frequency Band, and Time Domain Multiplexing (TDM).

Considering e.g. Band 7, looking at the above figure, the first solution would be the most efficient, but unfortunately in many cases the same operator holds only for instance the lowest 20 MHz of the spectrum, so cannot use the solution. In this case also the second solution (i.e. Adaptive Frequency Hopping in Bluetooth) is not possible, since the interference occurs over the whole ISM band. For the FDM solution to be effective, the LTE operation would have to be switched to another frequency band.
The interference effects and possible TDM considerations can be studied in the Use Scenarios:
1a) LTE + BT earphone (VoIP service)

· As it is assumed, that the Bluetooth transmissions can cause desensitization to LTE downlink on Band 40, it can be also assumed that coordination within the UE is possible (e.g. Bluetooth clock alignment to LTE frame). As the Bluetooth TX-RX slot pair has a length of 1.25 ms and the LTE frame is 10 ms, the combination is periodic and clock alignment has a significant impact on the performance. According to Bluetooth SIG [3], conversational voice should be possible in otherwise ideal RF conditions, when proper clock alignment is used. The re-transmission opportunities are heavily reduced.

· For Band 7, the DRX or modified DRX solutions may not work, since the periodicity of the Bluetooth link is quite short (e.g. 3 * 1.25 ms = 3.75 ms in case of EV3 with two re-transmissions, one of the recommended eSCO settings). At least one successful TX-RX slot pair is necessary during each period. If the LTE is carrying VoIP traffic only, the uplink allocations may be sufficiently short and the duty cycle low enough for Bluetooth eSCO link, though uplink VoIP TTI bundling may still cause periods where Bluetooth reception is not possible. If LTE has other data in addition to the VoIP, a fine granularity TDM solution should be studied.
1b) LTE + BT earphone (Multimedia service)

· As above for Band 40. Bluetooth SIG has determined that high quality uni-directional audio should be possible in otherwise ideal RF conditions, though the maximum possible data rates are reduced. This assumes the proper clock alignment.

· Considering Band 7, as the Bluetooth is using e.g. A2DP profile and an asynchronous link with buffering, no fine granularity TDM solution may be necessary for data transmission. As stated in [2], even 60 ms of delay can be accommodated by the Bluetooth link. It should still be studied, whether an LTE scheduled period of 60 ms will cause problems in the exchange of regular control messages and successively in link stability.
3
Conclusion
Proposal 1: Current Bluetooth interference avoidance mechanisms are not sufficient to solve all the problems for in-device coexistence scenario, and LTE solutions are needed.
Proposal 2: Current DRX or modified DRX schemes (with guaranteed unscheduled periods) are not sufficient TDM solutions for the LTE + BT earphone (VoIP service) Use Scenario on Band 7. For coexistence with Band 7 uplink, a fine granularity TDM solution should be studied for Bluetooth eSCO, in cases where LTE is carrying other data in addition to VoIP service, or multiple uplink TTIs are bundled.

Proposal 3: For Band 7 uplink, it should be studied, whether an LTE scheduled period of 60 ms will cause problems in the exchange of regular Bluetooth control messages and successively in link stability.
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