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1. Introduction

TDM (Time Division Multiplexing) has been agreed as one of the potential research directions during the RAN2#71 meeting [1]. The analysis in [2] shows that it might be possible to directly reuse the existing DRX mechanism to help on in-device coexistence interference avoidance. This contribution investigates the potential tradeoffs when applying DRX mechanism for in-device coexistence interference avoidance and shares some preliminary simulation results to facilitate RAN2 discussion.
2. Problem Formulation
The major concerns on TDM in-device coexistence interference avoidance (i.e. abbreviated as TDM coexistence in following) solution comes from its impact to eNB scheduler complexity and the degradation on user/cell throughput. By applying the legacy DRX mechanism for TDM coexistence, the complexity to eNB scheduler can be minimized because the control of gap comes from the control of PDCCH reception by UE. Compared with designing new protocol for gap generation, applying DRX mechanism can simplify the problem to become different ways to configure DRX parameters. But everything else could follow existing definition in Rel-8/9 specifications.
Therefore, the remaining problem needs to be addressed becomes: whether DRX mechanism can efficiently satisfy the requirements by ISM/GNSS coexistence while limiting its impact to LTE performance. This is a complicated problem and need to be investigated from many different aspects. In order to initiate the discussion on this issue, this contribution tries to initiate the preliminary discussion on the problem formulation. RAN2 members can keep evolving the way to formulate the problem to facilitate the subsequent simulation and analysis tasks.
From the TDM coexistence perspective, it is common to formulate the problem as a collision (avoidance) problem. Then the analysis can be translated to time domain and the simulation can be performed accordingly. However, it is difficult to model eNB scheduling behaviour because different vendors have distinct implementation considerations. It will be very difficult to move forward if RAN2 has to spend a lot of time to agree on eNB scheduling assumptions under various scenarios (e.g. different UE services, cell type etc.).

In order to prevent prolonged argument on various eNB scheduler assumptions, it is suggested that the performance index be independent of eNB scheduler assumptions. Note that a collision will happen when the conditions “eNB is eligible to transmit PDCCH over specific sub-frame”, “eNB grant DL/UL opportunity in that sub-frame” and “ISM transceiver Tx/Rx or GNSS Rx over the corresponding sub-frame” all happen. Because whether the condition “eNB grant DL/UL opportunity in that sub-frame” will happen is pending on eNB scheduler implementation and should be independent of another two events, it is easier to observe the performances by considering the effects of “eNB is eligible to transmit PDCCH over specific sub-frame” and “ISM transceiver Tx/Rx or GNSS Rx over the corresponding sub-frame” (i.e. no assumption on eNB scheduler). 
Therefore, the following parameters are suggested for possible use in evaluating the performances of TDM coexistence solutions.

eNB Coexistence Efficiency (CE) = (Total PDCCH Reception Opportunity with DRX during simulation time) / (Total PDCCH Reception Opportunity without DRX during simulation time)
Probability to Collide (Pc) = [ (Duration that eNB can grant resources for Tx/Rx)




&& (“ISM transceiver can Rx/Tx” or “GNSS receiver can Rx”)]





/ (Simulation time)
The eNB Coexistence Efficiency (CE) is associated with the flexibility for eNB scheduling, which should be positively correlated with the throughput performances per on eNB scheduler design. The Probability to Collide (Pc) is associated with the collision probability after considering eNB scheduling decision. By decoupling the assumptions on the eNB scheduler design, the performance tradeoffs among different TDM coexistence solutions could still be compared by considering these two parameters.
Proposal#1: Agree to consider eNB Coexistence Efficiency (CE) and Probability to Collide (Pc) as a set of valid performance indexes to evaluate candidate TDM in-device coexistence interference avoidance solutions.

The following simulation results will utilize these two indexes as example to investigate the performance tradeoffs among different DRX configurations.

3. Preliminary Simulation Results
3.1. Simulation Assumptions

According to TS 36.331, the DRX parameters like longDRX-Cycle, longDRX-CycleStartOffset, onDurationTimer, drx-InactivityTimer and shortDRX-Cycle could be possibly used to generate various DRX patterns. It is difficult to investigate every single possibility at the very beginning, so the following simulation results are obtained by simply considering the effects of longDRX-Cycle, longDRX-CycleStartOffset and onDurationTimer values base on TS 36.331 only.
During the simulation, the effects of shortDRX-Cycle and drx-InactivityTimer is tentatively ignored. Because the motivation of this simulation is to initiate the discussion on possible way to evaluate the candidate TDM coexistence solutions rather than providing the optimal solution for configuration, the objective is to justify that DRX is a valid study direction and more research and simulation efforts will be made if an agreement is reached.

3.2. Simulation Procedure
Figure 1 shows the general scenario considered for this simulation, where different DRX configuration will be applied to investigate the corresponding Pc under different longDRX-Cycle and onDurationTimer combination (i.e. each combination has corresponding CE). 
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Figure 1 Example on simulation scenarios
During the simulation, the longDRX-CycleStartOffset is assumed to be random which assumes eNB has no idea on WiFi beacon transmission timing and configure the longDRX-CycleStartOffset in random manner. For each TDD frame configuration and FDD frame structure, different DRX parameter configurations will be applied for performance investigation. 
Note that the following simulation results are preliminary and for RAN2 discussion purpose, where the objective is to investigate the possible way to evaluate TDM coexistence solutions. More precise simulation will be needed after more agreement on simulation assumptions and configurations.

3.3. Observation from Preliminary Simulation Results
The preliminary simulation results are provided in Appendix A, where the observation shows that the best configuration can lead to Pc < 50% for CE < 50% in all scenarios. Much better performances will also be achievable under some configures (e.g. TDD configuration #4 and #5). It is not to state whether the performance is good or not even the real collision probability may be much lower after considering eNB scheduling probability. But this level of information can somehow show the preliminary feasibility to consider DRX as a valid candidate for further study by RAN2.
Proposal#2: Consider DRX as a valid candidate solution for TDM in-device coexistence interference mitigation.

4. Conclusion
This contribution investigates the possible way to evaluate the performance of TDM in-device coexistence interference avoidance solutions. In order to decouple the effects by eNB scheduler, a simplified model by considering “Probability to Collide (Pc)” and “Coexistence Efficiency (CE)” is suggested for further study by RAN2. Base on the preliminary simulation results, it seems to be possible to apply DRX mechanism for TDM in-device coexistence interference avoidance. The following proposals are concluded base on the analysis results in this contribution.
Proposal#1: Agree to consider eNB Coexistence Efficiency (CE) and Probability to Collide (Pc) as a set of valid performance indexes to evaluate candidate TDM in-device coexistence interference avoidance solutions.

Proposal#2: Consider DRX as a valid candidate solution for TDM in-device coexistence interference mitigation.
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Appendix A   Preliminary Simulation Results
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Figure 2 TDD UL-DL Configuration#0 (per TS 36.211)
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Figure 3 TDD UL-DL Configuration#1 (per TS 36.211)
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Figure 4 TDD UL-DL Configuration#2 (per TS 36.211)
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Figure 5 TDD UL-DL Configuration#3 (per TS 36.211)
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Figure 6 TDD UL-DL Configuration#4 (per TS 36.211)
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Figure 7 TDD UL-DL Configuration#5 (per TS 36.211)
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Figure 8 TDD UL-DL Configuration#6 (per TS 36.211)
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Figure 9 FDD Mode
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