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1 Introduction

In RAN1#75, the following were agreed regarding L1 signaling for a TDD UL-DL reconfiguration: 

· The group common DCI is only in Pcell CSS for a UE

· If UE detects L1 signaling conveying a valid UL-DL configuration for a radio frame,

· UE shall monitor the non-DRX DL subframes or special subframes indicated by explicit L1 signaling

In addition, the following are working assumptions:

· Reconfiguration between 5ms and 10ms switching point periodicity shall be supported

· FFS issues related to subframe #6, particularly,

· How to handle the case when eIMTA is enabled, whether or not/how to support broadcast (e.g., SI/P/RA-RNTI) related operations in subframe #6 if the subframe is a special subframe indicated by SIB1 but a regular DL subframe indicated by the dynamic subframe configuration 

· If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, 

· UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration 

· The periodicity of the reconfiguration signals includes at least the following:

· 10, 20, 40, 80ms

· A UE shall monitor the reconfiguration signals only in downlink subframes or special subframes according to SIB1

· The UE may be configured to monitor the reconfiguration signals in more than one subframe between two adjacent periodic instances

· FFS which subframes

· The detected configuration is valid for  a window where the window has a duration equal to the periodicity of the reconfiguration signals

· May subject to an application delay

· A UE shall assume the same configuration for two or more reconfiguration signals, if the two or more reconfiguration signals are detected in subframes within a window of a duration equal to the periodicity of the reconfiguration signals

· The UE cannot assume the same configuration for reconfiguration signals detected in subframes across different windows

Following RAN1#75, the configuration of subframes for L1 UL-DL reconfiguration signaling was discussed over email and outcomes are captured in [1]. Certain UE behaviors and valid duration of a signaling for UL-DL reconfiguration are FFS.

This contribution considers the previous working assumptions and additional aspects related to L1 signaling for adapting a TDD UL-DL configuration. 
2 PDCCH Functionalities for TDD UL-DL Reconfiguration
2.1 Configuration of Subframe for L1 Signaling

For any 
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 and for any periodicity of L1 signaling for TDD UL-DL reconfiguration 
[image: image2.wmf]T

, the two FFS UE behaviors in [1] are: 
· Behavior 1: If a UE is configured to monitor in multiple subframes reconfiguration DCIs for radio frames 
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, the UE may skip decoding the reconfiguration DCI for radio frames 
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 if the UE has successfully decoded at least one reconfiguration DCI  for radio frames 
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· Behavior 2: If a UE is configured to monitor in multiple subframes reconfiguration DCIs for radio frames 
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, the UE shall or may assume the same UL-DL configuration indicated by the reconfiguration DCIs for radio frames 
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The main question behind behavior 1 and behavior 2 is whether to confirm the working assumption that a UE can assume an eNB to indicate the same TDD UL-DL configuration, within a same configuration validity window, in subframes it configures to the UE for monitoring reconfiguration DCI. The proper behavior is that the eNB does so (e.g. there is no reason for a UE to be signaled a different TDD UL-DL configuration in a second PDCCH if it happens to miss the first PDCCH (which is unknown to the eNB)). This implies that behavior 2 is a correct behavior and a UE can assume that the same UL-DL configuration is indicated by reconfiguration DCIs. The benefit of this assumption is that a UE can verify whether a previous CRC test was valid and, depending on the UE implementation, even combine reconfiguration DCIs transmitted in different subframes to improve the detection reliability. Behavior 1 can be unspecified as it is a UE specific implementation aspect. 
Proposal 1: Behavior 2 is specified. Behavior 1 is not specified.   
Moreover, [1] proposes to confirm the working assumption for a reconfiguration periodicity of 10 ms, 20 ms, and 40 ms while leaving the 80 ms reconfiguration periodicity as FFS. As a 2-way backhaul latency may be involved in determining a TDD UL-DL reconfiguration and as a 80 ms periodicity is still considerably smaller than the shortest SIB1 reconfiguration periodicity and can provide some throughput gains, it should also be supported as the additional specification complexity is trivial.
In [1], it is also proposed to always include subframes {0, 1, 5, 6} as subframes where the reconfiguration DCI can be transmitted. This needs to be discussed in conjunction with support of CA as a single PCell may need to support reconfiguration DCI transmission to multiple cells, such a PCell for a macro-cell serving ten or more small cell groups, since DCI format 1C cannot provide the necessary capacity. Allowing for DCI format 3/3A to be used (by configuration between 1C and 3/3a) is one possibility, using multiple eIMTA-RNTIs is another possibility, but using different subframes is also another possibility. Therefore, confirmation that a UE always monitors subframes {0, 1, 5, 6} in specific frames should be considered together with the support of supporting transmissions of reconfiguration DCI for multiple cells.

Observation 1: The working assumption for all reconfiguration periodicities of {10, 20, 40, 80} ms can be confirmed unless specification/testing complexity for supporting only {10, 20, 40} ms is meaningfully reduced.

Observation 2: Whether subframes {0, 1, 5, 6} at a given frame can be always assumed to convey the same reconfiguration DCI should be further discussed in conjunction with the support of reconfiguration DCI transmissions for CA with multiple cells.  
2.2 Reconfiguration between 5ms & 10ms switching point periodicity
There is no fundamental reason to disallow reconfiguration between 5ms and 10ms switching point periodicity. To the contrary, imposing such restriction will fail to capture basic throughput gains of eIMTA. One issue with switching between configuration with 5 ms and 10 ms periodicity can arise when a special subframe switches to a DL subframe. Then, if paging needs to be transmitted, UEs that are not aware of the adapted configuration will assume the subframe to be a special subframe while UEs that are aware of the adapted configuration (eIMTA UEs) will assume the subframe to be a DL one. Having multiple UE behaviors has been suggested for this case where, if an eIMTA UE has PDSCH scheduling with a common RNTI, it assumes the DL subframe to be a special subframe (as non-eIMTA UEs may also need to receive the PDSCH). 
Considering the availability of several other DL subframes for paging (e.g. at least subframes 0, 1, and 5), it is a simple matter for an eNB to avoid paging a mixture of eIMTA UEs and non-eIMTA UEs in subframe #6 when this subframe is a special one in the SIB1 configuration and a DL one in the adapted configuration. Therefore, it is preferable to avoid introducing multiple behaviors for an eIMTA UE which can always assume the adapted configuration.

Observation 3: Reconfiguration between 5ms & 10ms switching point periodicity can be supported without requiring additional specification changes.    

2.3 Fallback Operation
The working assumption for a UE that does not detect L1 signaling conveying a valid UL-DL configuration to assume the SIB1 indicated configuration. 

The probability that a UE will fail to detect the reconfiguration DCI is negligible for all UEs as this probability is less than 1% at -6 dB SINR and practically all UEs have larger SINRs. Moreover, a UE may have multiple opportunities to detect the reconfiguration DCI. Therefore, regardless of what is selected as the UE fallback behavior (advantages and disadvantages of possible options have been extensively debated), it will have negligible impact on the overall throughput as long as it does not introduce a design flaw. Moreover, a network can determine that a UE failed to detect the reconfiguration DCI, as the UE can report OOR values for the CSI in the second set of subframes, and avoid scheduling PDSCH in subframes the UE assumes as UL ones. Also, there is no issue with DRX operation [2]. Therefore, there is no issue with the working assumption for the fallback operation.

Proposal 2: When a UE fails to detect L1 signaling conveying a valid UL-DL configuration, it assumes the SIB1 indicated configuration for the next configuration validity window. 

2.4 Additional Aspects
In eIMTA, groups of UEs can experience similar interference in flexible subframes. 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 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 3: 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.  
Transmitting DCI Format Indicating UL/DL Reconfiguration in UE-DSS or Using Size of DCI Format 3/3A 

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 to address this issue. A first alternative is for 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 (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). 

Proposal 4: 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.
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 5: The total number of multiplexed UL-DL reconfiguration indicators in the DCI format is configured to a UE by higher layer signaling.
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: If a UE is configured to monitor in multiple subframes reconfiguration DCIs for radio frames 
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, the UE shall or may assume the same UL-DL configuration indicated by the reconfiguration DCIs for radio frames 
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Proposal 2: When a UE fails to detect L1 signaling conveying a valid UL-DL configuration, it assumes the SIB1 indicated configuration for the next configuration validity window. 

Proposal 3: 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 4: 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 5: The total number of multiplexed UL-DL reconfiguration indicators in the DCI format is configured to a UE by higher layer signaling.
Additionally, the following observations are made:

Observation 1: The working assumption for all reconfiguration periodicities of {10, 20, 40, 80} ms can be confirmed unless specification/testing complexity for supporting only {10, 20, 40} ms is meaningfully reduced.

Observation 2: Whether subframes {0, 1, 5, 6} at a given frame can be always assumed to convey the same reconfiguration DCI should be further discussed in conjunction with the support of reconfiguration DCI transmissions for CA with multiple cells.  
Observation 3: Reconfiguration between 5ms & 10ms switching point periodicity can be supported without requiring additional specification changes.    
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