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1. Introduction
In the study item phase for the TDD enhancements to interference management and traffic adaptation (eIMTA), various scenarios and its performance benefits from adaptive TDD UL-DL reconfiguration have been studied and it was concluded that there are the performance improvements from adaptive TDD UL-DL reconfiguration depending on the adaptation time scale and the amount of traffic load [1]. Based on the conclusion, RAN1 has started the study of the necessary signaling mechanism(s) for TDD UL-DL reconfiguration from RAN1#72 under eIMTA WI in Rel-12 [2]. Therefore, in this contribution, we review several signaling methods to support the adaptive TDD UL-DL reconfiguration and provide our view.
2. Discussion
For current TDD UL-DL reconfiguration, system information change procedure is performed during the modification period to inform the UEs of system information updates. However, it is likely not to well match the purpose of improvement of DL or UL data throughput from DL-UL resource adaptation based on traffic, since the performance improvement from TDD UL-DL reconfiguration based on SIB signaling would be very small performance gain in most of deployment scenarios of TD-LTE system [5][6]. Accordingly, during the SI phase for eIMTA, several signaling methods have been additionally proposed to improve the system performance by different time scale for TDD UL-DL reconfiguration, since fast adaptation time scale quite substantially outperforms the slow speed adaptation time scales (i.e. 640ms) by the current SIB1 change for TDD reconfiguration [4]. The following sections treat the corresponding proposed signaling methods
2.1. SIB signaling
Since SI change procedure is based on a modification period which depends on both a default paging cycle and coefficient configurations (i.e. minimum value = 32f *n2), there occurs the slow adaptation time scale compared to different signaling methods such as RRC, MAC CE and physical layer signaling [3]. Even if reusing SIB based signaling can provide less standard impacts in terms of the signaling method, it will provide very small performance gains due to slow adaptation.

In addition, it may have several drawbacks. One is the impacts of HARQ operation to all UEs in a TDD cell if SIB change is based on the method with non-transparent signaling to all the LTE release UEs, where changing frequently SIB implies resetting the overall HARQ operations with terminating the ongoing HARQ processes. If there are several erroneous data transmissions in the previous configuration, the corresponding HARQ processes in the new configuration can not be fully retransmitted due to limited resources (e.g. less HARQ process). It will increasingly degrade the system performance due to the additional delay on the HARQ operation to all the UEs. The second is the ambiguity of TDD UL-DL configuration assumption between the eNB and UEs during the reconfiguration period. Since the SIB based signaling will require longer delay than the other signaling methods for obtaining the update information depending on the configurations, the ambiguity of TDD UL-DL configuration between the eNB and UEs may cause more severe system impacts with more frequent SIB changes. For example, the UE operations including measurement (e.g. RLM, RRM and CSI), HARQ timing and soft buffer handling will lead to more frequent RLF, improper measurement reporting and degraded PDSCH throughput.  
2.2. Higher layer signaling
The RRC and MAC CE signaling as a high layer signaling can have the medium adaptation time scale and thus, it can provide better system performance gains compared to that of the SIB1 signaling for TDD UL-DL reconfiguration. However, it has also several issues to support the eIMTA, and some of them including ambiguity of TDD UL-DL configuration and HARQ discontinuity are same as those from SIB1 signaling, even if the extent of the problem may be difference between two different signaling mechanisms. Moreover, the signaling overhead by the higher layer signaling with dedicated manner can be increased if there is no UE dedicated PDSCH scheduling to the Rel-12 UEs capable of eIMTA. 
In addition, it is noted that no alignment of TDD UL-DL configuration by the SIB1 and high layer signaling, respectively may lead to improper HARQ operation and measurement to legacy UEs in a cell with eIMTA. For example, when SIB1 signaling indicates DL subframe but, actually UL subframe by higher layer signaling in one TTI, then, legacy UEs can not recognize the presence of CRS in a subframe as they understand this subframe as DL subframe. One possible solution for the proper UE operation is to use the subframe-restricted measurement which was introduced in Rel-10 eICIC or UL heavy frame configuration (i.e. TDD UL-DL configuration#0) for the measurement and HARQ operation, respectively. In the case of vise versa configured as UL subframe by SIB1 and DL subframe by high layer signaling, there may be several restrictions of UL transmission (e.g. SRS, UCI, PRACH and so on) in the point of view of the legacy UEs in a cell with eIMTA. Therefore, if the eNB needs to change TDD UL-DL configuration by higher layer signaling, the above aspects should be also taken into account.
2.3. Physical layer signaling
The physical layer signaling can provide the ability of fastest traffic adaptation among the proposed signaling methods. It will of course show best packet throughput gains due to fast traffic adaptation especially for low-medium traffic loading. There could be two different alternatives for the physical layer signaling [7]. The one is to use common PDCCH based indication as radio frame level reconfiguration, where it may require new DCI format with same available DCI size in a common search space and new RNTI for CRC scrambling. Thus, it does not need to be transmitted in every subframe due to radio frame interval (10ms) and would be sufficient to be transmitted in a pre-defined subframe in each radio frame. The other is based on subframe level reconfiguration by scheduling UL grant, where the subframe direction is decided based on the existence of UL scheduling in the UL subframes configured by SIB1. The cross-subframe scheduling is also possible to select the subframe direction as a subframe level reconfiguration. 
With the concept of the physical layer based signaling above, it can provide less ambiguity of TDD configuration by the shorter time scale between eNB and UE. Also it seems that depending on a solution on the L1 signaling, both the backward compatibility related with legacy UEs and HARQ operation issues could be handled together with proper TDD UL-DL configuration and scheduling by eNB [8].
3. Conclusion
In this contribution, we have reviewed several signalling methods with consideration of the possible issues came from each signalling method in LTE TDD system with TDD reconfiguration for traffic adaptation. Considering the time scale for TDD UL-DL reconfiguration, we prefer to exclude the SIB and higher layer based signalling for further discussion in RAN1 due to small performance benefits and some potential drawbacks. Based on this observation, following proposal can be made.
Proposal:

· Physical layer signalling with smaller time scale of reconfiguration is preferred for further eIMTA discussion.
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