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1 Introduction

This contribution discusses reconfiguration schemes of TDD UL-DL configuration. Depending on a signaling method for the reconfiguration, the time scale of reconfiguration varies. This contribution focuses on semi-static approaches, SIB update based and RRC-signaling based, and discuss issues of the respective approaches. Dynamic reconfiguration schemes are discussed in a companion contribution [1].
2 Semi-static reconfiguration schemes
In the reconfiguration time-scale perspective, the semi-static approaches are slower than the dynamic reconfiguration based on L1 or MAC layer signaling. When not relying on Layer 1 signaling for reconfiguration, the eNB needs to update the TDD UL-DL configuration included in the system information block (SIB) or via UE specific RRC signaling.

2.1 SIB update based reconfiguration
Among the SIBs carrying cell specific system information, TDD UL-DL configuration applied in the cell is included in TDD-config field in SIB-1. With SIB update based approach for the reconfiguration, two approaches for the system information update can be considered in view of backward compatibility and impact to legacy UEs. One approach is to inform the legacy UEs of the change of the TDD UL-DL configuration (non-transparent update) as well, and the other approach is to make the change transparent to the legacy UEs (transparent update),
Non-transparent SIB update to legacy UE

A straightforward approach for the SIB based update is to update the existing TDD-config field in SIB-1 to indicate the reconfiguration. System information in SIB-1 can be updated according to the modification period which is configured by the eNB [2]. When the eNB changes (some of the) system information, it first notifies the UEs of any change in the system information via paging channel in the current modification period. In the next modification period, the eNB transmits the updated system information on SIBs and then, all UEs can acquire the changed system information. According to the minimum modification period supported in the spec, the fastest time-scale of system information update is 640ms. However, the value tag in SIB-1 has to be updated in every occurrence of SIB modification and thus, the range of the value tag range, which is counted from 0 to 31 in every 3 hours, limits the reconfiguration period to 5~6 minutes on average. 
In addition to the limitation in the reconfiguration time-scale, HARQ discontinuity will occur to all UEs in the cell between the two consecutive radio-frames of the previous and the updated TDD UL-DL configurations. As another drawback of the SIB-based approach, ambiguity of TDD UL-DL configuration assumption between the eNB and the UE can also occur until the successful SIB-1 detection by the UE when the reconfiguration occurs. 

However, the non-transparent SIB update based approach is beneficial in that almost no spec change is necessary because the signaling mechanism existing in the current standard is used to indicate the reconfiguration. Accordingly, impacts to the legacy UEs will be minimal.

Transparent SIB update to legacy UE
Instead of updating the TDD-config field in SIB-1 whenever the UL-DL reconfiguration occurs, we can consider an alternative approach to inform the UEs of the change of the system information in a transparent way to legacy UEs. In order to update the system information without informing legacy UE, adding an additional change notification in paging channel can be considered and a new information element can be needed in SIB-1, as similar to the one added for ETWS (Earthquake and Tsunami Warning System) SIB update mechanism [2]. 
If the UE receive a paging message including the notification, the UE shall start to receive the information element included in SIB-1, which conveys TDD UL-DL configuration related information which is but not readable to the legacy UEs. The new information element may include the updated TDD UL-DL configuration or schedulingInfoList of a new SIB-x for TDD UL-DL reconfiguration. In this approach, the UE can reflect the changed TDD UL-DL configuration without waiting for the next modification period. 
As for the time-scale of reconfiguration, the UEs will attempt to read the paging channel at least once every defaultPagingCycle (in minimum 320msec) to check whether TDD UL-DL reconfiguration notification is present or not. With this transparent SIB update approach, the ambiguity of TDD UL-DL configuration between the eNB to UE is much less than the non-transparent approach, without needing to waiting for the next modification period. In addition, the value tag in SIB-1 keeps unchanged during the updates of TDD UL-DL configuration and the legacy UEs do not need to re-read the SIB when the network reconfigures the TDD UL-DL configuration for the non-legacy UEs. 
However, the transparent SIB update approach also has a problem of HARQ discontinuity as the non-transparent approach. In addition, the standard impacts and efforts would be much larger than that of the non-transparent update approach. Another open issue is how to operate the different TDD UL-DL configurations between legacy UEs and non-legacy UEs in the cell. One possible approach to get around the problem is that the legacy UEs are configured an uplink heavy TDD UL-DL configuration and reconfiguration of the link direction in the uplink subframes can be applied for the non-legacy UEs.
2.2 RRC signaling based reconfiguration
In this approach, the eNB can deliver the TDD UL-DL configuration information via UE-specific RRC-signalling. This avoids frequent change of the system information block in a cell and the eNB indicates the updated TDD UL-DL configuration only to the non-legacy UEs in a UE specific way. As discussed in [3][4] and as has been the case for RRC signaling, there is ambiguity problem as to the understanding of the eNB and the UEs when the reconfiguration would be applied. Moreover, there is an overhead issue for indicating the updated TDD UL-DL configuration to all the non-legacy UEs via UE-specific signalling even when there is no UE specific data to transmit via PDSCH. The time-scale of RRC signalling based approach does not have much difference with the SIB update based reconfiguration due to these potential problems. The HARQ discontinuity problem arising during the reconfiguration exists in the RRC signalling based scheme as well.
3 Conclusion
In this contribution, we discussed semi-static signaling approaches for the TDD UL-DL reconfiguration, SIB update and RRC signaling based schemes. In the SIB update based scheme, two schemes, non-transparent and transparent SIB update to legacy UEs, were presented with the benefits and drawbacks of the two approaches. Especially, as for the non-transparent SIB update approach, an important benefit is no spec impact with re-use of the mechanism supported by the current standard, but has the problem of HARQ discontinuity, which cannot be handled by the legacy UEs. The RRC signaling based scheme, as has been the case, has a problem of the reconfiguration timing ambiguity problem and does not seem to provide clear benefits compared to the SIB update based approach and the L1/MAC signaling based approaches discussed in [1].
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