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1 Introduction

This contribution discusses dynamic reconfiguration schemes for TDD UL-DL configurations. Two approaches, L1 signaling and MAC signaling based schemes, are considered. Standard impact and potential issues of the two approaches are also discussed. Semi-static reconfiguration schemes based on SIB update or RRC-signaling based approaches are addressed in a companion paper [1].
2 Dynamic reconfiguration schemes
Semi-static configuration such as SIB update or RRC-signaling incur ambiguity issues between eNB and UE about when the changed configuration would apply in the cell, and HARQ discontinuity issues during the reconfiguration as discussed in [1]. Moreover, frequent update of the system information whenever the reconfiguration is necessary aggravates the problems and can be a burden to the network with increasing impacts to legacy UEs. For faster reconfiguration of TDD UL-DL configuration and diminishing impacts to legacy UEs, dynamic reconfiguration based on L1 (in PDCCH) and MAC (in PDSCH) could be more desirable which informs only the non-legacy UEs of the reconfiguration without system information update in a legacy UE transparent way. 
2.1 L1 signalling based reconfiguration
In terms of the level of reconfiguration flexibility, TDD UL-DL re-configuration can be categorized into the following two ways:
· Radio-frame level reconfiguration
· Changing the configuration to another TDD UL-DL configuration among the configuration set defined in the specification
· Subframe level reconfiguration

· Each subframe can be flexibly changed between UL and DL whether the resulting UL-DL configuration of the radio frame belongs to one of the predefined configuration set defined in the specification
In the subframe level reconfiguration, the UE should be informed for each subframe which link direction between DL and UL is applied in the corresponding subframe. With L1 signalling based reconfiguration, that indication can be done by a PDCCH sent in each subframe. In the radio-frame level reconfiguration, it would be sufficient for the UE to be informed around at the start of a new radio-frame which configuration is to be applied in the corresponding radio-frame. Taking into account these aspects, the following two indication methods for L1 signalling based reconfiguration are discussed in the following:
· UL grant based indication

· Common PDCCH based indication.
UL grant based indication
Figure 1 illustrates an example case of dynamic reconfiguration. In the figure, UL subframes of TDD UL-DL configuration#0 can be reconfigured for either DL or UL dynamically on per-subframe basis. As synchronization signals and PBCH have to be transmitted in SF0 and SF5, and the DL/UL switching gap has to be provided in the special subframes,  SF0, SF1, SF5 and SF6 are assumed to be not reconfigurable and be fixed as DL in the following discussions. 
At every UL subframe in Figure 1, the UE has to be informed of the link direction of the corresponding subframe. This can be done by using UL grants.  In Figure 1, if the eNB wants to reconfigure SF9 into a DL subframe, the eNB must not transmit any UL grant in SF5 which is the DL subframe for the UL grant scheduling PUSCH transmission in SF9. Without detecting any UL grant in SF5, the UE is implicitly indicated that the SF9 can be used for DL transmission and shall try to detect a DL grant. Accordingly, the eNB can transmit a DL grant for the UE in SF9 to schedule a PDSCH, resulting in more DL subframes than in TDD UL-DL configuration 1. 
The UL grant based indication has some issues as to HARQ timing and resource assignment for UL HARQ-ACK transmission. Due to the dynamic occurrences of the DL subframes with PDCCH/PDSCH in a radioframe, the total size of UL HARQ-ACK feedback can change and even more, the corresponding UL HARQ-ACK feedback timing is not defined for the subframe with PDSCH in the initially configured UL-DL configuration. In addition, false alarm detection of PDCCHs in the DL subframe reconfigured from the UL subframe is another issue of the UL grant based reconfiguration. In addition, even when the eNB does not transmit any UL grant in SF5 with intending to reconfigure SF9 as DL, a UE in the cell can falsely detect an UL grant and can try to transmit PUSCH in SF9. This can cause substantial UL-to-DL interference in SF9.
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Figure 1: An example flexible reconfiguration based on TDD UL-DL configuration #0.
Common PDCCH based indication
As an alternative to the UL grant based implicit indication with avoiding the false alarm problems, we can consider an approach to explicitly indicate the changed TDD UL-DL configuration on radioframe basis by introducing a new DCI in common search space (CSS). In order to not increase the number of PDCCH blind decoding due to the new DCI, the size of the new DCI can be made the same as available DCI sizes in CSS. One possible approach is to adopt a new RNTI to scramble the CRC of the new DCI with the same size as DCI format 1C. As the reconfiguration time-scale is radio-frame interval (10ms), the common PDCCH does not need to be transmitted in every subframe and would be sufficient to be transmitted in a pre-defined subframe in each radioframe. 
2.2 MAC signaling based reconfiguration
For the dynamic reconfiguration of TDD UL-DL configurations, MAC header based indication can also be considered, as similarly to the one used in Scell activation/deactivation in carrier aggregation. In the MAC signalling based approach, we can simply add a MAC element for indicating the reconfiguration of TDD UL-DL configuration in MAC header. Then, we do not need to introduce an additional DCI format as in the case of L1 signalling based approach and to worry about the false alarm detection of the PDCCHs. Another benefit for this approach is that the UE can transmit its understanding of TDD UL-DL configuration as a confirmation to the eNB. 
However, the MAC header based approach needs PDSCH or PUSCH scheduling for the indication or the confirmation of the reconfiguration even when there is no data to transmit in DL or UL. As for the time scale of the reconfiguration, the eNB can indicate the updated TDD UL-DL configuration in every scheduling chance of PDSCH transmission and thus, the subframe level reconfiguration can be supported.
3 Conclusion
In this contribution, we discussed dynamic reconfiguration approaches to support subframe or radioframe time-scale of the TDD UL-DL reconfiguration, L1 and MAC signaling based schemes. In the L1 signaling based scheme, two schemes, UL grant based and common PDCCH based indications, were presented and potential issues were discussed. As for the MAC signaling based scheme, which is similar to the one used for Scell activation/deactivation in carrier aggregation, benefits and issues were discussed. 
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