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1 Introduction

In RAN1#74bis it was concluded that new RNTI(s), eIMTA-RNTI(s), will be introduced for DCI format(s) performing TDD UL/DL reconfiguration and that each such DCI format conveys at least a 3-bit indicator for a TDD UL/DL reconfiguration, is transmitted at least in the CSS and, as a working assumption, has a same size with DCI format 1C. Additionally, for a UE configured with multiple eIMTA-enabled cells, a single DCI format can indicate the TDD UL/DL reconfiguration for each such cell by including respective 3-bit indicators. A UE monitors the DCI format conveying indicators for TDD UL/DL reconfigurations in a configured set of subframes within each adaptation period (and it is FFS whether the UE should monitor for that DCI format in additional subframes). In case the set of subframes has multiple subframes, it is FFS whether the UE can combine DCI format transmissions in those subframes. Finally, it is FFS whether there is a “modification period”, beyond a configured adaptation period, during which a UE can assume the same TDD UL/DL configuration.  
This contribution considers the above FFS aspects and additional aspects related to L1 signaling for adapting a TDD UL-DL configuration. 
2 PDCCH Functionalities for TDD UL-DL Reconfiguration
Flexible Subframes for First/Second CSI/IMR Process and First/Second UL Power Control Process 

In eIMTA, groups of UEs can experience similar interference in flexible subframes [1]. For example, for sector-based cells with directional antennas, a first UE located near a first interfering cell can experience interference according to the TDD UL-DL configuration in the first cell while a second UE located near a second interfering cell can experience interference according to the TDD UL-DL configuration in the second cell. Therefore, the subset of DL flexible subframes where a first CSI measurement report is applicable and the other subset of DL flexible subframes where a second CSI measurement report is applicable can be different for the first UE and second UE. Similar, the subset of UL flexible subframes where a first UL power control process is applicable and the other subset of UL flexible subframes where a second UL power control process is applicable can be different for the first UE and the second UE. 

An indication whether the UE should measure first or second CSI/IMR in a DL flexible subframe or should use first or second UL power control process in an UL flexible subframe can be either by the DCI format scheduling a respective PDSCH or PUSCH transmission or by the DCI format indicating the TDD UL/DL reconfiguration. As this indication needs to be provided only once per reconfiguration period and is applicable to a group of UEs, using the DCI format indicating the TDD UL/DL reconfiguration is more efficient. This also allows a UE to measure and report CSI/IMR without requiring the UE to be previously scheduled a PDSCH in a specific flexible DL subframe, thereby improving DL throughput. Assuming 5 flexible subframes, a 5-bit bit-map in the DCI format indicating the TDD UL/DL reconfiguration can also indicate the subframes for both the first/second CSI/IMR and the first/second UL power control process. In case a UE is configured with CA and a DCI format with size equal to DCI format 1C is used, separate DCI formats can be used for each eIMTA-enabled cell. 
Proposal 1: The DCI format indicating a TDD UL-DL reconfiguration also indicates the subframes for the first/second UL power control process and the subframes for the first/second CSI/IMR measurements.  
Combining PDCCHs with DCI Format Indicating UL/DL Reconfiguration 

In principle, if a UE is configured to monitor multiple subframes for the DCI format indicating the UL/DL reconfiguration, the UE can combine the respective PDCCHs to improve the detection reliability for the DCI format. This practically implies that each PDCCH is transmitted in each respective configured subframe and uses the same location and the same number of CCEs in the CSS. It is reasonable to expect that if a network configures UEs to monitor the PDCCH in a given subframe, the NodeB will transmit the PDCCH in that subframe. Moreover, as there is no blocking issue in the CSS, there is no cost in assuming that the same CCEs (e.g. the first CCEs) are used to transmit the PDCCH in a configured subframe. However, mandating that the same number of CCEs is always used, which will required 8 CCEs for robustness, may not be reasonable as 4 CCEs can often suffice (particularly for DCI format 1C and if some of its payload does not convey actual information). At least two options are possible; either the network configures the number of CCEs for the PDCCH or the UE decodes PDCCHs transmitted with either 4 CCEs or with 8 CCEs (same number of CCEs should be used in all configured subframes of a configuration period to avoid additional complexity – number of blind decodes does not increase). The former option is too restrictive as the configuration will have to be semi-static for all UEs. The latter option is reasonable and, although it requires some additional UE buffering, this is optional for a UE. 
Observation 1: The PDCCHs conveying the DCI format informing the TDD UL/DL reconfiguration can be combined by a UE without requiring adverse conditions on the system operation. 
Transmitting DCI Format Indicating UL/DL Reconfiguration in UE-DSS or Using Size of DCI Format 3/3A 

Motivations for using the UE-Dedicated Search Space (UE-DSS) include alleviating CSS congestion and allowing signaling to UEs that are in DRX in subframes the NodeB transmits the PDCCH in the CSS. 
CSS congestion is unlikely for single-cell operation but can occur for CA operation particularly in case of multiple small cell clusters having the same macro PCell (CA scenario 4). Then, even for UEs that have only two activated cells (PCell and a SCell), different UEs can have different SCells and the payload of a single DCI format with size equal to DCI Format 1C may not be sufficient to accommodate 3-bit indicators of UL/DL reconfigurations for all SCells. For example, at 10 MHz and for a PCell that does not use eIMTA, a single PCell (macro) can be associated with many more than 4 SCells (small cells) while the capacity of a DCI format with the size of DCI Format 1C can support up to 4 indicators of UL/DL reconfigurations. Such an operating scenario is also likely for a FDD PCell (macro) associated with many TDD SCells (small cells). 
Several alternatives exist that do not require using a UE-DSS. A first alternative is implementation-specific and relies on multiple transmissions of DCI formats with size equal to DCI Format 1C, possibly in different subframes, with each transmission corresponding to a different set of SCells. A second alternative is to use, by configuration, a DCI format with a size equal to either DCI Format 1C or DCI Format 3/3A for conveying information for TDD UL/DL reconfigurations (with the size of DCI Format 3/3A being able to provide larger capacity). A third alternative is to allow a UE configured with eIMTA to monitor the CSS of a SCell for a DCI format with size equal to DCI Format 1C for the purpose of indicating TDD UL/DL reconfigurations (in configured subframes). Any of the three alternatives is simpler than essentially establishing a new CSS in the conventional UE-DSS (in order to provide UE-group-common control signaling) and can avoid an adverse impact on conventional scheduling by increasing the blocking probability.   
Using a UE-specific DCI format (e.g. with size equal to DCI Format 0/1A) to indicate TDD UL/DL reconfigurations to a UE that is in DRX in subframes the NodeB transmits the PDCCH in the CSS can address the DRX issue but requires additional overhead. Although this overhead is under the control of the network (which may not transmit the UE-specific DCI format if it does not so prefer), the transmission of a DCI format in the CSS can be in multiple subframes of a configuration period and a majority of UEs can receive it without requiring severe restrictions on DRX cycles. 

Proposal 2: The size of the DCI format indicating TDD UL/DL reconfigurations can be configured to be either the size of DCI Format 1C or the size of DCI Format 3/3A/0/1A.
Transmitting Indicator for UL/DL Reconfiguration by Embedding it in DCI Format 3/3A 

The use of DCI Format 3/3A can avoid having a separate DCI format with size equal to DCI Format 1C for indicating the UL/DL reconfiguration. This can be achieved by embedding, for each eIMTA-enabled cell, the indicator for the UL/DL reconfiguration. However, this may not necessarily result to a lower overhead. Firstly, the periodicity of UL/DL reconfiguration (e.g. 10 msec) can be smaller than the desired periodicity of DCI Format 3/3A transmission (e.g. 20 msec) and forcing the periodicity of DCI Format 3/3A to be same as the one for UL/DL reconfiguration will increase overhead. Secondly, especially since eIMTA is primarily beneficial for a small number of active UEs, using DCI format 3/3A can often result to larger overhead than using a DCI format with size equal to DCI Format 1C as only a few TPC commands may be needed. 

In general, it would be desirable to avoid coupling two different functionalities (TPC commands for power control and indicator for UL/DL reconfiguration) and having multiple solutions for indicating a UL/DL reconfiguration particularly since there does not seem to be any meaningful benefit.   

Observation 2: There is no meaningful benefit from embedding indicators of TDD UL/DL reconfigurations in DCI Format 3/3A.
Multiplexed UL/DL reconfiguration indicators in the DCI format

The number of indicators for UL/DL reconfigurations in one DCI format can vary depending on the respective number of cells for which the DCI format indicates UL/DL reconfigurations. In case the information bits in the DCI format are not fully utilized for reconfiguration signaling, the remaining bits can be used as virtual CRC to further improve detection reliability. As the number of bits used for virtual CRC depends on the total number of multiplexed UL/DL reconfiguration indicators in the DCI format, the number of indicators should be informed to the UE by higher layer signaling.
Proposal 3: The total number of multiplexed UL-DL reconfiguration indicators in the DCI format is configured to a UE by higher layer signaling.
Using an Additional Modification Period for a UL/DL Configuration

Our understanding is that a UE configured for eIMTA operation is also configured a periodicity (number of subframes) over which a given UL/DL configuration remains valid. The NodeB can transmit DCI format 1C with a UE configured eIMTA_RNTI in the configured set of subframes within each UL/DL configuration validity period. In this case, it is unclear what the purpose of an “additional modification period” is.  
Fallback Configuration when DCI Format Indicating UL/DL Configuration is not Detected

Fallback operation support when a UE fails to detect the PDCCH(s) conveying the DCI format indicating the UL/DL reconfiguration is needed in two cases; when this is due to incorrect decoding and when this is due to the UE being in DRX mode.

In the former case, although unlikely, the NodeB cannot know that the UE did not detect the PDCCH(s) as there is no support for HARQ-ACK feedback. The UE can then behave as a legacy UE and follow the SIB1 configuration. The penalty can be some lost PDSCH assignments in flexible DL subframes but, as the likelihood of incorrect decoding is practically negligible, the impact on DL throughput is also negligible. Moreover, the network can determine that the UE failed to detect the PDCCH(s) either based on HARQ-ACK feedback statistics (e.g. ACKs are mostly reported for PDSCHs in fixed DL subframes while NACK/DTX is entirely reports for PDSCHs in flexible DL subframes) or based on the second IMR feedback (e.g. OOR values can be reported). 

In the latter case, the NodeB knows that a UE did not detect the PDCCH(s). The number of such UEs can be minimized as the NodeB can configure multiple subframes within a reconfiguration period where the DCI format indicating the UL/DL reconfiguration is transmitted in order to more easily manage DRX cycles. Remaining UEs can again follow the UL/DL configuration signaled by SIB1.
Proposal 4: A UE configured for eIMTA operation assumes the SIB1 signaled UL/DL configuration when it does not detect a DCI format indicating the UL/DL reconfiguration in the configured set of subframes within a configuration validity period.
Fallback Handling of Subframe 6 when DCI Format Indicating UL/DL Configuration is not Detected
If the DL-reference configuration is TDD UL/DL configuration 5, the actual TDD UL/DL configuration can adapt among all seven TDD UL/DL configurations. Then, subframe 6 can switch between a normal DL subframe and a special subframe. The number of OFDM symbols for PDSCH and the position of DMRS are different between a normal DL subframe and a special subframe. When the DCI format indicating the UL/DL configuration is not detected by a UE, the UE cannot know whether subframe 6 is a normal DL subframe or a special subframe. For example, subframe 6 can be a special subframe in a fallback configuration assumed by the UE but may be a downlink subframe in the actual configuration.
Observation 3: The fallback handling of subframe 6 needs to be considered.

3 Conclusions
This contribution considered the remaining aspects regarding the L1 signaling for the adaptation of a TDD UL-DL configuration. In particular, the following are proposed:

Proposal 1: The DCI format indicating a TDD UL-DL reconfiguration also indicates the subframes for the first/second UL power control process and the subframes for the first/second CSI/IMR measurements.  
Proposal 2: The size of the DCI format indicating TDD UL/DL reconfigurations can be configured to be either the size of DCI Format 1C or the size of DCI Format 3/3A/0/1A.
Proposal 3: The total number of multiplexed UL-DL reconfiguration indicators in the DCI format is configured to a UE by higher layer signaling.
Proposal 4: A UE configured for eIMTA operation assumes the SIB1 signaled UL/DL configuration when it does not detect a DCI format indicating the UL/DL reconfiguration in the configured set of subframes within a configuration validity period.
Additionally, the following observations are made:
Observation 1: The PDCCHs conveying the DCI format informing the TDD UL/DL reconfiguration can be combined by a UE without requiring adverse conditions on the system operation. 
Observation 2: There is no meaningful benefit from embedding indicators for UL/DL reconfigurations in DCI Format 3/3A.
Observation 3: The fallback handling of subframe 6 needs to be considered.
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