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1 Introduction

TDM solutions have been discussed in RAN2 since June 2010, but the study on the feasibility and usefulness on it are still been identified as incomplete in [1]. In order to achieve preliminary conclusion before RAN#53 meeting, this contribution reviews the motivation to have TDM solution and investigates the feasibility and usefulness of DRX based TDM solution. Base on analysis result, it is proposed to identify DRX based TDM solution as feasible and useful to allow further work in WI phase.
2 Motivation to Standardize TDM Solution
It has been well agreed that FDM solution is feasible and useful to help mitigating in-device coexistence interference. However, in past few RAN2 meetings, it has been widely discussed whether FDM solution is always capable to resolve the problem. For example, operator may not be able to deploy the overlay coverage over multiple frequencies everywhere due to the consideration on deployment cost and coverage planning complexity. Moreover, some operator may only have very limited spectrum resource over specific region, this may also result in some feasibility concern. All such challenges lead to the motivation to investigate whether the problem can be resolved from different dimension (i.e. time domain).

On the other hand, the coexistence interference may still result in problems even FDM solution is applied. In [1], the analysis concluded in Appendix shows that the desensitization problem can be reduced to 3dB if the serving frequency can be changed to some frequency region.  But such 3dB desensitization may still result in problem to the users with bad signal quality (e.g. around cell edge). This may result in bad user experience (e.g. higher call dropping probability) when users located around cell edge region.
Due to the above concern, TDM solution has been widely discussed in RAN2 in past one year. Some viewpoint may think TDM solution can be completely done by UE in autonomous manner (i.e. by denial) without specification impact, but it would be difficult to implement this if network does not provide any kind of prior scheduling information to UE for internal coordination. Because UE internal coordinator also need to prevent violation to the protocol of other air interfaces (e.g. WiFi or BT) supported by other in-device transceivers.
Therefore, it is necessary to standardize the TDM solution to allow UE learn the some kind of prior scheduling information in advance and explore the avoidance opportunity through intelligent internal coordination.

Proposal 1 TDM solution is complementary with FDM solution and is necessary to resolve in-device coexistence problem
3 Discuss the Feasibility of DRX based TDM Solution

3.1 TDM solution base on Rel-8 DRX

In the commercialized LTE system today, DRX is a mandatory feature to both network equipment and user equipment. There should be no feasibility problem for eNB to configure DRX to UE considering the backward compatibility requirements to the UEs support new releases. According to [1], the new operation will be allowing UE reporting the in-device coexistence problem to eNB in some way (e.g. by new signaling or messaging method) with some assistant information attached. Because such reporting is also required for FDM solution, while there is no concern on the feasibility over FDM solution so far, it is reasonable to consider allowing UE reporting to eNB for TDM solution is also feasible. Therefore, the TDM solution base on Rel-8 DRX should be feasible.
Proposal 2 The TDM solution base on DRX is feasible
3.2 TDM solution base on modified Rel-8 DRX

In Rel-8 DRX, there are different rules to allow eNB flexibly extend ON duration to facilitate scheduling implementation, HARQ handling or other requirements. There was concerned that whether this will impact to the coexistence efficiency if UE base on the prior information on OFF duration to schedule in-device ISM (e.g. WiFi) Tx/Rx while eNB suddenly extend ON duration and result in in-device collision. Therefore, some discussed has been raised on whether some DRX rule could be modified or disabled when TDM coexistence solution is activated.
This is essentially an optimization over the TDM solution base on Rel-8 DRX, while the detail proposal is not clear yet at this moment. Even though such optimization might be useful, but its feasibility need to be further discussed in the WI phase.

Proposal 3 The feasibility of TDM solution base on modified DRX is FFS and left to WI phase discussion
4 Discuss the Usefulness of DRX based TDM Solution
Preliminary simulation results will be provided in this section to investigate whether DRX based TDM solution is helpful to mitigate the coexistence interference and useful to network operator to resolve coexistence problem under certain situations.
4.1 Simulation Assumptions

There was no discussion in RAN2 or RAN4 on the way to perform simulation to evaluate the performance of in-device coexistence (IDC) solutions. The following simulation aims to trigger more discussion on the simulation methodology and the performance metric for further evaluation in WI phase.
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Figure 1 Simulation Assumption
Figure 1 shows the basic assumption on simulation scenario, where the UE is considered to be connected with LTE eNB and WiFi AP. In order to simplify the simulation, different LTE DL SINR value is given to represent the effects by different UE locations, note that this SINR value does not include the effect by coexistence interference. Considering different center frequencies of LTE and WiFi signals, the level of coexistence interference (Icoex) will take effect if the WiFi Tx time duration is overlapped with LTE Rx time duration. This may result in the increment of BLER and hence result in LTE fail to receive DL data, the level of BLER degradation is mapped with link level performances.

Another problem result in BLER increment comes from LNA saturation [2], which essentially depends on the coexistence interference level, the dynamic range of LNA and the LNA operation point. There is no clear model to reflect this impact to BLER degradation, but this problem will usually happen when coexistence interference is larger than the desired signal. The WiFi offload scenario is first considered in this simulation, where VoIP application is applied over LTE connection and HTTP/FTP connection is applied over WiFi connection.  In order to simplify the simulation, only one UE is simulated and the multi-user scheduling effect is simulated by randomly pick one sub-frame in a radio frame for eNB to transmit DL data to UE if the buffer is not empty. The WiFi transmission/reception time in general follows the corresponding protocol, but in-device WiFi transmission time may be shifted when WiFi denial function is simulated.

There are three scenarios are considered in the simulation: (1) no DRX, (2) DRX only and (3) DRX with ideal WiFi denial. Scenario (1) means there is no TDM solution be applied at all. In Scenario (2), eNB can apply DRX to reduce the collision probability between WiFi Tx and LTE Rx. In Scenario (3), UE will further postpone in-device WiFi Tx opportunity until LTE complete DL data reception. Note that the simulation result base on the DRX configuration with best performance (i.e. exhaustive search over various DRX configuration). In addition, the signaling latency by in WiFi PS-poll and device internal coordination is also ignored in this simulation, more detail modeling methodology should be further investigated by RAN2.
4.2 Preliminary Simulation Results

Figure 2 and figure 3 shows the preliminary simulation of some specific scenarios. The center frequencies of WiFi and LTE signals are 2412MHz and 2390MHz respectively, where the WiFi transmission parameters and filter assumption follows the configuration in [3].
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Figure 2 LTE downlink reception error probability [LTE: VoIP + WiFi: FTP]
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Figure 3 LTE downlink reception error probability [LTE: VoIP + WiFi: HTTP]

The simulation results may need to calibrate with different sources after RAN2 develop clear simulation assumption, but some information may still be observed through these preliminary results. In both figures, the result of “DRX with ideal WiFi denial” can be treated as the ideal case with no coexistence interference at all. Even though this will result in much impact to WiFi performance, it will not be discussed at this moment.

In the low SINR range, both results show that the LTE DL Rx error probability (i.e. average reception error probability with the effect by possibly collision by coexistence interference) will be increased if there is no TDM solution (i.e. no DRX in this simulation) be applied at all. If DRX could be applied and eNB can configure the suitable configuration (e.g. by UE recommendation as part of IDC problem indication), the error probability can be largely reduced in all SINR region. But there is another problem observed in the simulation, where the error floor happens in high SINR region. It is because the error probability is dominated by LNA saturation rather than SINR degradation in this region. The problem can be removed by ideal WiFi denial if the collision can be completed prevented.
Note that these are very preliminary simulation results to help RAN2 discussion and further investigation in WI phase. But these results have provided preliminary information to indicate the usefulness of TDM solution base on Rel-8 DRX with or without UE denial solution. It will be reasonable for RAN2 to recognize the feasibility and usefulness of these TDM solutions to allow more simulation and evaluation carried out in WI phase.
Proposal 4 TDM solution base on DRX is useful to mitigate in-device coexistence interference problem
Proposal 5 TDM solution base on DRX plus UE denial solution is very useful to mitigate in-device coexistence interference problem
5 Conclusion

Base on the analysis and the preliminary simulation results provided in this contribution, RAN2 is requested to consider the following proposals:
Proposal 1 TDM solution is complementary with FDM solution and is necessary to resolve in-device coexistence problem
Proposal 2 The TDM solution base on DRX is feasible 
Proposal 3 The feasibility of TDM solution base on modified DRX is FFS and left to WI phase discussion
Proposal 4 TDM solution base on DRX is useful to mitigate in-device coexistence interference problem
Proposal 5 TDM solution base on DRX plus UE denial solution is very useful to mitigate in-device coexistence interference problem
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Appendix  Text Proposal
5.2.1.2
TDM solutions

SCO, eSCO, A2DP and ACL protocols are assumed to be supported by in-device BT radio when analyzing the TDM solutions for LTE-BT coexistence. Beacon, power saving and DCF protocols are assumed to be supported by in-device WiFi radio when analyzing the TDM solutions for LTE-WiFi coexistence.

For TDM solutions, the UE can signal the necessary information, e.g. interferer type, mode, and possibly the appropriate offset in subframes to the eNB. The UE can also signal a suggested pattern to the eNB. Based on such information, the final TDM patterns (i.e. scheduling and unscheduled periods) are configured by the eNB.

Editor’s note: Performance analysis (e.g. QoS) of TDM solutions is not completed. The feasibility and usefulness of TDM solutions need further study.

6
Conclusion

[Editor’s note: This section captures the conclusion of the study. The section can be formulated in such way that the contents can be used as an input of further specification work.]

The following main conclusions were drawn during the study item phase:

1.
FDM solution is believed to be a feasible solution to resolve the in-device coexistence issues.

2.
At this stage, it seems impossible to come up with a unified TDM solution to solve coexistence issues of all the usage scenarios. It is believed the TDM solution base on DRX and UE denial is feasible and useful to mitigate the in-device coexistence interference.  The possibility of unified signalling approach could be investigated during work item phase.

3.
It has been confirmed that any media sharing solution will come at a cost for LTE.


