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Discussion and Decision
1
Introduction
During RAN2#71bis meeting, TDM solutions for in-device coexistence were discussed. This contribution is focused on the general aspects of TDM solutions like approaches, reporting, and complexities.
2
Approaches

In high level, there are two approaches to implement TDM solutions. One approach is to reuse current DRX scheme with slight modifications. Current DRX schemes have some limitations which are not friendly for in-device coexistence. For example, the range of longDRXCycle might not be sufficient for efficient coexistence operation with e.g. WiFi ([3]). In addition, when there is DL/UL retransmissions, PDCCH should be continuously monitored, which makes the operation of non-LTE technologies difficult. Also current DRX scheme may not accommodate delay-sensitive BT services like voice (carried in SCO/eSCO links). Therefore some modifications of DRX scheme are anyway needed for support of in-device coexistence.
On the other hand, for optimized TDM solutions, the interactions with existing features (e.g. measurement gaps and HARQ operatiosn) should be defined, which is already defined for DRX operation. 
In the end, it is highly likely the two paths will meet somewhere in the middle, i.e., the modified DRX approach and optimized solutions will be quite similar in terms of actual operations. Therefore it is proposed that at this stage, we focus on the performance evaluation of TDM patterns. After evaluation, we can have a clear view on which way to go.
Proposal 1: we can decide whether to adopt DRX approach or optimized solutions after evaluation of TDM solutions.
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.
Currently we prefer Option B 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 application type running, and the relevant QoS requirements. It’s very difficult for RAN2 to provide a 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
From complexity point of view, there are mainly two issues to consider:

· 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.
Proposal 3: 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.
Proposal 4: 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 1: 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. 
· 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.
· 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.

Proposal 5: 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: we can decide whether to adopt DRX approach or optimized solutions after evaluation of TDM solutions.
Proposal 2: adopt the option that UE suggests TDM patterns, and eNB decides the final patterns to use.
Proposal 3: there is no incremental complexity on eNB scheduling considering that DRX is already supported.
Proposal 4: there is no impact on DL signal reception for LTE FDD.
Proposal 5: there is no major concern on DL signal reception for LTE TDD.
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