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Discussion
1. Introduction
Rel-11 Study item, Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation (LTE_TDD_eIMTA), has been discussed from RAN1#68 meeting. During RAN1#68 and RAN1#68bis meeting, many contributions on the evaluation results in isolated outdoor Pico cell scenario and multiple-outdoor Pico cell scenario were submitted. According to the e-mail discussion in [2] and the evaluation results in [3], dynamic TDD UL/DL reconfiguration provides benefits over fixed TDD UL/DL configuration in isolated cell scenario. In addition, it is observed in [4] that dynamic TDD UL/DL reconfiguration also provides performance gain in multi-cell scenarios.
Besides the system level evaluation, there are also some issues that need to be discussed if the feature of dynamic TDD UL/DL reconfiguration is introduced to LTE TDD system, such as TDD UL/DL configuration indication, HARQ timing, the resulting UL-DL interference, and the impact on standard.
In this contribution, such issues are listed for discussion when we consider the introduction of dynamic TDD UL/DL reconfiguration. 
2. Method to support TDD UL/DL configuration indication
According to the current evaluation results of dynamic TDD UL/DL reconfiguration in isolated outdoor Pico cell scenario and multiple-outdoor Pico cell scenario, many companies have the same observations: high performance gain in term of cell average packet throughput when TDD UL/DL reconfiguration period is set to 10ms compared to fixed TDD UL/DL configuration; faster TDD UL/DL reconfiguration shows better performance especially in case of low or medium cell traffic load. To be specific, dynamic TDD UL/DL configuration with 10ms switching scale outperforms configurations with 200ms or 640ms switching scale.

Naturally, current semi-static mechanism for TDD UL/DL configuration indication (i.e., via SIB-1 signaling in a period of 640ms) cannot adapt to the fast TDD UL/DL reconfiguration if TDD UL/DL reconfiguration switching scale is adopted with 10ms, 200ms or other scales less than 640ms. Therefore, current TDD UL/DL configuration indication mechanism needs to be enhanced for fast TDD UL/DL reconfiguration if the switching scale less than 640ms is to be supported. Moreover, to fully benefit from dynamic TDD UL/DL reconfiguration, reliability of the TDD UL/DL configuration indication needs to be considered as well.
2.1 Higher layer signaling
One solution for the indication of TDD UL/DL configuration is to use higher layer signaling to indicate the current TDD UL/DL configuration after reconfiguration or the TDD UL/DL configuration to be used for next radio frame. This solution may be enough to adapt to dynamic TDD UL/DL reconfiguration with switching scale less than 640ms but it may not be enough to support faster TDD UL/DL reconfiguration, such as in 10ms switching time scale. Furthermore, UE cannot know the real TDD UL/DL configuration unless it correctly receives such higher layer signaling for TDD configuration indication. So it may lead to severe HARQ problem when TDD UL/DL configuration is changed but UE may not timely decode the high layer signaling for TDD UL/DL configuration indication.
2.2 Physical layer signaling
Another solution is to indicate the concrete TDD UL/DL configuration via physical layer signaling. This solution can adapt to fastest traffic adaptation, i.e., with the switching scale of 10ms. In that way, necessary physical layer signaling and the related procedure need to be introduced to the specification, thus requiring more standardization effort if such solution is targeted.
On the other hand, the false alarm issue also needs to be considered when dynamic TDD UL/DL configuration is introduced. For example, eNB sends the changed TDD UL/DL configuration to UE via physical layer signaling while UE misses or misunderstands this TDD configuration indication signaling. Such issue may cause severe problems to DL/UL HARQ or PUSCH transmission timing. This false alarm issue should be avoided if such type of signaling is used for TDD configuration indication.
2.3 Set of dynamic TDD UL/DL configurations
Besides the necessary signaling for TDD UL/DL configuration indication, another issue is the set of TDD UL/DL configurations supported for dynamic change. If this set includes all seven TDD UL/DL configurations, then HARQ timing in DL or UL and PUSCH transmission or retransmission timing may be complicated when one TDD UL/DL configuration is changed to another with different switching points. In this aspect, more standardization effort is needed for solving the timing issues. On the other hand, if this set is limited for TDD UL/DL configurations with 5ms switching point, then HARQ timing issues may be simplified, which may imply minor standardization effort. The optimum set of TDD UL/DL configurations, taking into account the trade-offs between performance benefits and related standardization effort, is FFS.
3. Impact on HARQ timing
In current LTE specification, there are 7 TDD UL/DL configurations defined to provide different UL/DL subframe ratios. Therefore, the specification also defines several tables for different TDD UL/DL configurations to specify PUSCH transmission or retransmission timing, PHICH transmission timing, UL ACK/NACK feedback timing etc.
If the feature of dynamic TDD UL/DL configuration is introduced to LTE TDD system, the TDD UL/DL configuration may be dynamically changed from one radio frame to next in order to match the instantaneous traffic fluctuation in UL and DL. In that sense, all the aforementioned timing may not be kept and severe HARQ timing problem may be caused.
For example, if UE receives one PDSCH in DL, it shall transmit the corresponding ACK/NACK on PUCCH in the predetermined UL subframe according to current TDD UL/DL configuration and specified LTE HARQ timing rules. However, if the current TDD UL/DL configuration is switched to another TDD UL/DL configuration to adapt to the traffic fluctuation and the predetermined UL subframe has been changed to DL subframe, then it will lead to two possibilities dependent on the concrete TDD UL/DL indication. For the indication via physical layer signaling, in case the UE correctly receives the changed TDD UL/DL configuration indication signaling, the UE knows that it cannot feedback ACK/NACK in that predetermined subframe due to the change from UL to DL and needs to find other uplink subframe to transmit ACK/NACK, which will increase round-trip delay and meanwhile will cause possible PUCCH resource collision. For the indication via high layer signaling, in case of very fast TDD UL/DL reconfiguration, UE may not timely know current TDD UL/DL configuration has been changed or new TDD UL/DL configuration due to the delay of high layer signaling. Hence, UE may transmit ACK/NACK in that predetermined subframe and cause the PUCCH collision or intra-cell interference. There will be similar issues for PUSCH transmission or retransmission timing.
Based on the above analysis, we can see the dynamic TDD UL/DL reconfiguration without any enhancement may cause severe problems when one TDD UL/DL configuration is changed to another different configuration especially in case of very fast TDD UL/DL reconfiguration, e.g., 10ms switching scale. So the general issue is how to minimize the impact on HARQ due to such reconfiguration, which requires further study.
4. UL-DL interference mitigation
Dynamic TDD UL/DL configuration may cause severe UL-DL interference in the conflicting subframes due to independent and different TDD UL/DL configurations in neighboring cells, such as eNB-to-eNB interference and UE-to-UE interference. According to the coexistence study of RAN4, this kind of UL-DL interference has a significant impact on UL SINR when the eNBs are located in LOS or located close to each other. It also has an impact on DL SINR when the UEs are located in cell edge. As a result, such UL-DL interference will degrade the system performance and reduce the overall benefits from dynamic TDD UL/DL reconfiguration for traffic adaptation. Hence, it might be necessary to have proper interference coordination methods between neighboring cells. 
One way of interference coordination is to adjust the transmit power such that the inter-cell interference can be kept at a tolerable level in the neighboring cells. This coordination seems important in mitigating eNB-to-eNB interference because high eNB transmit power can be seen as very strong interference when receiving UE’s low power signal in the neighboring cells. So the eNB transmission power or UE uplink transmission power in conflicting subframes should be adjusted at a suitable level to avoid severe interference to UL reception in neighboring cells or overcome the interference from DL transmission in neighboring cells.

Another way is to mute some conflicting subframes in downlink or uplink to avoid UL-DL interference between neighboring cells, like TDM-based eICIC techniques. 

Besides this, some coordination schemes can also be used to mitigate the UL-DL interference considering the pathloss between neighboring cells. After deployment of each cell, the pathloss information between two neighboring cells may be calculated or collected directly by practical field test. If the pathloss between two cells is lower than the threshold, then the two cells can adopt the different TDD configurations while with less conflicting subframes even the same TDD UL/DL configuration in case of large interference. This needs to exchange the TDD UL/DL configuration between two eNBs via X2 interface. If the pathloss between two cells is large enough, then the two cells can autonomously select the TDD UL/DL configuration to match its own traffic fluctuation in downlink and uplink. It is noted that although such coordination scheme can bring advantages for UL-DL interference mitigation it may not adapt to the fastest TDD UL/DL reconfiguration, i.e., 10ms switching scale, because of the delay in X2 interface between two eNBs. Tradeoff between the gain from fastest UL/DL reconfiguration and the gain from coordination for UL-DL interference mitigation needs further investigation to select a suitable time scale for reconfiguration.
5. Conclusion
In this contribution, we list some possible issues when dynamic TDD UL/DL reconfiguration is introduced to LTE TDD system for traffic adaptation in uplink and downlink. We also provide some high level discussions about the mentioned issues and possible schemes for TDD UL/DL configuration indication, HARQ operation and UL-DL interference mitigation. In general, further study is required on those issues. 
References

[1] RP-110450, “New study item proposal for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation,” CATT, Ericsson, ST-Ericsson.

[2] R1-120947, “Conclusions from evaluation results for isolated cell scenario for TDD IMTA,” Rapporteur (CATT).
[3] R1-120744, “Evaluation results for LTE_TDD_eIMTA in isolated cell scenario,” Nokia, Nokia Siemens Networks

[4] R1-121300, “Evaluation results for LTE_TDD_eIMTA in multiple-outdoor Pico cell scenario,” Nokia, Nokia Siemens Networks 
