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1 Introduction

During RAN2#72bis meeting, all of three TDM options were included into TR 36.816 for further study. However, the previous discussion and investigation was mostly from LTE-ISM (i.e. BT/WiFi) coexistence perspective. This contribution investigates the possible use of TDM coexistence solution to help LTE-GNSS coexistence.

2 GNSS Operation Principle
The general process for GNSS positioning includes the operation of (1) acquisition, (2) tracking, (3) navigation data decoding and (4) get position. In acquisition stage, GNSS receiver need to acquire the GNSS signals transmitted from the satellites and identifies the visible satellites. This can help GNSS receiver identify the starting point of the spreading code and derive the Doppler frequency for subsequent signal de-spreading and de-modulation. In the tracking stage, GNSS receiver will keep adjusting itself to compensate the variation due to Doppler effect. In the navigation data decoding stage, GNSS receiver will decode the received navigation data to update the satellite’s orbit parameters (e.g. satellite’s position and velocity) to improve the positioning precision. Then, GNSS receiver can derive the position base on the received information.

When the satellite signal quality is good, the time requirement to complete (1)→(2)→(3)→(4) may usually be less than 1 min for standalone GNSS positioning. In this case, the most time-consuming step is (3). However, the navigation data may only need to be updated every 2 hours, the positioning time can be largely reduced (e.g. < 1sec, i.e. (1)→(2)→(4)) if the navigation data is already available (e.g. previously received from satellite or forwarded from eNB).
When the satellite signal quality is weak, the most time consuming step becomes (1). This further result in the longer positioning time (e.g. hundreds of seconds) to complete steps (1)→(2)→(3)→(4). The positioning time reduction by removing step (3) will become less significant since the bottleneck is on step (1).
Observation 1  Time requirement for GNSS to receive satellite signal and complete position update may be largely reduced when the satellite signal is good and navigation data is available
3 LTE-GNSS Coexistence by TDM
According to previous analysis, the time requirement for GNSS to receive satellite signal and complete position update may be largely reduced when the satellite signal is good and navigation data is available. This opens the possibility for TDM solution to help LTE-GNSS coexistence under GNSS continuous tracking scenario.

For GNSS continuous tracking, the GNSS equipment needs to periodically report the position information to the application layer (e.g. update the location information to the monitor every second). If LTE can prevent coexistence interference to interfere GNSS reception by providing time gap periodically (e.g. 500ms gap in every second), the GNSS receiver will still be able to continuously track the satellite signals and update the location information to application layer.
Therefore, eNB can also try to help GNSS by TDM solution if the coexistence interference cannot be avoided by FDM or power control based solution (e.g. no frequency to handover away and no power margin to reserve). This can allow GNSS receiver explores more opportunity to keep positioning function alive.
Proposal 1  eNB may help LTE-GNSS coexistence by TDM solution if FDM or power control based solution are not applicable
4 Conclusion
Base on the investigation and analysis in this contribution, RAN2 is requested to consider the following observation and proposal:
Observation 1  Time requirement for GNSS to receive satellite signal and complete position update may be largely reduced when the satellite signal is good and navigation data is available
Proposal 1  eNB may help LTE-GNSS coexistence by TDM solution if FDM or power control based solution are not applicable

