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1. Introduction
In the previous RAN plenary meeting, the work item of TDD interference management and traffic adaptation was approved [1]. In this contribution, we discuss the signalling mechanisms for TDD UL-DL reconfiguration.

2. Discussion

2.1. High-Layer Signaling

In this method, the reconfiguration information is delivered to each UE by additional high-layer signaling – MAC control element (CE) signaling and RRC signaling. These options still have issues on the latency and ambiguity of reconfiguration, similarly to system information (SI) change. 
By comparing with RRC signaling, MAC CE signaling provides shorter latency of reconfiguration. For example, while RRC signaling based (re)configuration generally needs longer latency between 15 and 20ms [2], the latency of MAC CE signaling based (re)configuration is assumed as 8ms (e.g., as in case of secondary cell’s activation/deactivation) [3]. Therefore, MAC CE signaling provides better traffic adaptation capability than that of RRC signaling.
Both RRC signaling and MAC CE signaling have a reconfiguration ambiguity problem during their transient periods. In other words, an eNB does not know the exact time at which the UE applied the updated TDD UL-DL configuration during the transient period. As a result, the eNB and UE have different assumptions on the currently adopted TDD UL-DL configuration, which governs UE measurement and HARQ. This reconfiguration ambiguity problem becomes more serious if the PDSCH containing the high-layer signaling is not successfully received by the UEs in the initial transmissions because the ambiguous period is extended by the necessary HARQ operation while causing additional latency in traffic adaptation. Thus, the traffic adaptation speed is not expected to be high although it has the potential to be faster than SI change. The reconfiguration ambiguity problem in MAC CE signaling can be resolved by introducing a proper solution, which is similar to the method that is used to support CSI reporting during the transient period related to the secondary cell’s deactivation [3]. For example, a UE assumes that the updated TDD UL-DL configuration received in subframe n shall be applied in subframe (n+8). The TDD UL-DL configuration before receiving reconfiguration message is still valid until subframe (n+8).
Since MAC CE signaling does not have its own error recovery process, TDD UL-DL configuration assumptions between eNB and UE could be different if the HARQ-ACK corresponding to the PDSCH containing the MAC CE signaling is received incorrectly by eNB. For example, even though the group of UEs receives the reconfiguration message correctly, the eNB and some UEs have different assumptions on the currently adopted TDD UL-DL configuration due to this problem. However, since RRC signaling has its own confirmation procedure related to the reconfiguration, it is less vulnerable to the problem mentioned above. We can also investigate a proper solution for resolving the problem in MAC CE signaling. In addition, as the overhead of RRC signaling is heavier than that of MAC CE signaling, MAC CE signaling is more suitable for the reconfiguration.
Another issue in high-layer signaling is that, for the UEs which successfully received the reconfiguration signaling, the adopted UL-DL configuration differs from what SIB specifies. In other words, a subframe indicated as a DL subframe (UL subframe) by SIB can be used as a UL subframe (DL subframe) by this additional signaling. Thus the specification should provide solutions to handle this mismatch for proper operations of RLM/RRM/CSI measurement and HARQ [4]. 

In summary, considering pros and cons of MAC CE signaling and RRC signaling respectively, it seems that MAC CE signaling is a better solution for the reconfiguration than RRC signaling.

2.2. Physical-Layer Signaling
In this method, a UE recognizes the direction of a subframe (i.e., whether it is UL subframe or DL subframe) after performing the related physical-layer operation. As already described in [5], we can consider two sub-options as the examples of the physical-layer operation – the explicit indication and implicit derivation methods. 
The explicit indication method may need additional specification works for designing a new DCI (which involves the information of communication direction). On the other hands, in the implicit derivation method, while UE is performing DCI monitoring at predefined subframe location, UE can recognize the communication direction of related subframe, based on DCI which was decoded at a specific subframe. Here, the predefined subframes where UE performs DCI monitoring mean candidate subframes which have the possibility of usage change occurrences. For example, if the specific subframe which is indicated as UL SF by SIB is designated as the subframe where UE performs DCI monitoring and DL grant is decoded at that subframe, UE can receive PDSCH from related subframe with the understanding that the UL subframe is now used for the DL transmissions. Similarly, if UE detects a UL grant which schedules PUSCH transmission in the UL subframe, it can recognize that the UL subframe is now used for the UL transmissions. In the implicit derivation method, if the micro-sleep in the unit of subframe is applied, UE’s power consumption can be increased by performing additional DCI monitoring at the subframe indicated as UL subframe by SIB.
With the configuration of cross-carrier scheduling, the dynamic resource reconfiguration can be easily supported with the implicit derivation method [6]. For example, under the assumption that the direction of subframe which is indicated by SIB in primary cell (the scheduling cell) is not changed, the usage of subframe in secondary cell (the scheduled cell) can be changed based on cross carrier scheduling from primary cell. In other words, UE can recognize that a UL subframe of the secondary cell is used for the DL transmission if the UE decodes a DCI related to the secondary cell’s DL transmissions (e.g., DL assignment) in the primary cell at the subframe. In this example, there is no additional power consumption on decoding DCI related to the secondary cell’s DL transmissions because UE should perform DCI monitoring at the DL subframe in the primary cell, regardless of usage change of subframe in secondary cell. It is noteworthy that the method explained above does not require any new high-layer or physical-layer signaling for the indication of the resource reconfiguration. 
In general, the option based on physical layer operation is advantageous in that the fastest traffic adaptation is supported and no reconfiguration ambiguity problem occurs. The actual direction of a subframe can be different from that is indicated by SIB, so it share the same issue as high-layer signaling that some solutions are needed to handle the mismatch between UL-DL configuration in SIB and the actual subframe usage [4].
2.3. Others
A common issue in high-layer signaling and physical-layer signaling is how the UE performs the RLM/RRM/CSI measurement in the subframes whose direction is different from that is specified in SIB [4]. This issue is more important from the perspective of the coexistence with legacy UEs that are not able to understand the reconfiguration signaling. If a DL subframe in SIB is changed to a UL subframe by the additional signaling, legacy UEs will suffer from inaccurate measurement as a result of no CRS transmissions. One solution is that a UL subframe in SIB is changed to a DL subframe because no UE performs measurement in such a subframe.
3. Conclusion
This document provides the discussion about the signalling mechanisms for TDD UL-DL reconfiguration. Based on the discussion, the following observations are made.
Proposal 1: The method based on physical-layer signaling is more effective than the method based on higher-layer signaling which has reconfiguration ambiguity and relatively longer reconfiguration period. Especially, the implicit derivation method (at least for the cross-carrier scheduling case) can be considered as a better solution than the explicit indication method that needs additional specification works for designing a new DCI (which involves the information of communication direction).
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