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Discussion and Decision
1      Introduction
During RAN2#72 meeting, TDM solutions for in-device coexistence were discussed. This contribution is focused on the general aspects of TDM solutions like reporting and complexities.
2      Is current DRX without changes sufficient for coexistence?
In RAN2#72 meeting, DRX based approach is seen as the most promising direction for coexistence between LTE and WiFi but many issues are still to be resolved. In [5][7], it was proposed to consider Rel-8/9 DRX operations without any modifications. Although it is beneficial in consideration of release independent operation as discussed in [6], some modifications to current DRX operation are needed:
· For coexistence with WiFi, as discussed in [3], period mismatch is an important problem to solve. In [7], it is proposed that eNB scheduler can take care of the collision between WiFi beacon and LTE UL transmissions. However this increases eNB scheduler complexity greatly since eNB should consider many factors like HARQ retransmissions and CQI/PMI/RI transmissions, and this anyway requires some changes to the current eNB implementation.
· For coexistence with BT, as discussed in [4], coexistence with BT eSCO with current DRX mechanism is insufficient.

It is therefore proposed that:
Proposal 1: modifications are needed for Rel-8/9 DRX mechanism for in-device coexistence.

3      Reporting

For details of UE reporting, there are mainly two options:

· Option A: UE provides in-device information (type, frequency etc.) to eNB, and eNB decides the appropriate TDM patterns.
· Option B: UE suggests TDM patterns, and eNB decides the final pattern to use. For example, UE may feedback the range of TDM pattern parameters, e.g. ON/OFF ratio between LTE and non-LTE radio, whether TDM pattern offset should be honoured or not. Then eNB can decide the pattern to use considering factors like scheduling, load balance etc.
For FDM, a similar approach as Option B is already accepted. Currently we prefer Option B for TDM for the reasons below:
· UE has the best knowledge of the in-device information. For example, UE knows the type of non-LTE technology (WiFi or BT), the type of application running, and the relevant QoS requirements. It’s very difficult for RAN2 to provide an exhaustive list of such information if Option A is adopted. It is also quite difficult for eNB vendors to derive suitable TDM patterns based on the in-device information provided by UE.
· Option B is future proof. It is envisioned that new non-LTE technologies or new usage scenarios may appear in the future. If TDM patterns are designed in a flexible way, it is expected that there will be no or very minimal changes (e.g. adding new values for TDM patterns to accommodate new usage scenarios) to RAN2 specifications for future in-device coexistence scenarios if Option B is adopted.
Proposal 2: adopt the option that UE suggests TDM patterns, and eNB decides the final patterns to use.
4      Complexities of TDM solutions
From complexity point of view, there are mainly two issues to consider for TDM solutions:

· The impact on eNB scheduling.
· The impact on DL signal reception.

For the impact on eNB scheduling, it is expected that this would be similar as DRX, therefore no significant incremental complexity is expected.
Observation 1: there is no incremental complexity on eNB scheduling considering that DRX is already supported.
For the impact on DL signal reception, the situation is different for LTE FDD and LTE TDD. For LTE FDD, the DL is not impacted since the DL band is far away from ISM band. Therefore DL reception is not interrupted.
Observation 2: there is no impact on DL signal reception for LTE FDD.
For LTE TDD, it should be noted that even with the definition of TDM patterns, UE may still receive LTE DL signal during LTE OFF duration if UE know in advance that there is no simultaneous non-LTE UL transmissions. So there is only impact on DL signal reception if UE cannot receive LTE DL due to the interference from non-LTE transmissions. Note that the ratio of such interruption is small considering that no-LTE technologies (WiFi and BT) are operating in TDD manner, and in some instances non-LTE transmissions (e.g. WiFi) can be postponed to avoid the collision with important LTE DL signals (e.g. PCCH).
Observation 3: the probability that LTE DL signal reception is interrupted by non-LTE UL transmissions is low for LTE TDD.
In the case that LTE DL reception is interrupted, we consider the following impacts below:

· Measurement: from current parameters of measurement gaps [2], it can be seen that for inter-frequency E-UTRA measurement, 6 ms out of 40 or 80 ms are sufficient. It is expected that TDM patterns would provided sufficient opportunities for DL signal reception, therefore there will be little impact on measurement. According to [8], the measurement requirements could be easily meet.
· BCCH reception: BCCH are typically transmitted with a very low MCS level. Occasionally skipping one or two subframes will have negligible impact on BCCH performance.
· PCCH reception: UE needs to monitor one Paging Occasion (PO) per DRX cycle. If possible, TDM patterns can be configured in such a way that PCCH reception is in the duration of LTE ON time. If such conifugration is not possible, it is expected that the probability of collision between PO and non-LTE transmissions is low as discussed above, especially when taking into account that DRX cycle for paging is typically very long (e.g. in the order of hundreds of milliseconds). If there is anyway a collision between PO and non-LTE transmissions, UE can prioritize PCCH reception by discarding or postponing non-LTE transmissions. This will have negligible impact on non-LTE performance since the collision probability is low. Note that this is similar as the conclusion on idle mode operation agreed in RAN2#72 meeting.
· CQI/PMI/RI measurement: such measurements are very speed-sensitive. If UE speed is low, it is expected that the impact on CQI/PMI/RI measurements are negligible since UE can utilize non-impacted reference signals for measurements thanks to time-domain correlation. From current usage scenarios [1], UE speed is typically low for scenario 1b), 2) and 3). Only in scenario 1a) LTE + BT earphone (VoIP service), UE speed might be high. In that case, considering the low probability that LTE DL signal is interrupted, it is expected that the impact on CQI/PMI/RI measurements is low.
Note that ETWS/CMAS are implemented by using paging for notification and are transmitted in SIBs, therefore the above discussion on BCCH/PCCH reception is applicable.
From above discussion, it can be seen that the impact on LTE DL signal reception is negligible for LTE TDD case.

Observation 4: there is no major concern on DL signal reception for LTE TDD.
5      Conclusion
In this contribution, we analyze general aspects of TDM solutions and propose that

Proposal 1: modifications are needed for Rel-8/9 DRX mechanism for in-device coexistence.
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Proposal 2: adopt the option that UE suggests TDM patterns, and eNB decides the final patterns to use.

Regarding the complexity of modified DRX approach, we have the following observations:

Observation 1: there is no incremental complexity on eNB scheduling considering that DRX is already supported.
Observation 2: there is no impact on DL signal reception for LTE FDD.
Observation 3: the probability that LTE DL signal reception is interrupted by non-LTE UL transmissions is low for LTE TDD.
Observation 4: there is no major concern on DL signal reception for LTE TDD.
References

[1] R2-106971, TR 36.816 v1.0.0, “Study on signalling and procedure for interference avoidance for in-device coexistence”
[2] TS 36.133, “Requirements for support of radio resource management”
[3] R2-110230, Intel, “Timeline analysis of TDM solutions for coexistence with WiFi”
[4] R2-110231, Intel, “Timeline analysis of TDM solutions for coexistence with Bluetooth”
[5] R2-106348, MediaTek, “Gap Analysis for LTE-WiFi Coexistence by Legacy Solutions”
[6] R2-106210, MediaTek, “Discussion on Release indepenednt in-device Coexistence and compatibility issues”
[7] R2-106399, Huawei, HiSilicon, “Potential mechanism to realize TDM pattern”
[8] R4-104434, Ericsson, ST-Ericsson, “System assessment for identifying typical interference variation in eICIC scenarios”
1

