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1
Introduction
This contribution deals with signalling mechanisms needed to support dynamic TDD UL-DL reconfiguration. The following agreements and working assumptions related to the topic were made in previous RAN WG1 meetings:

Agreements:

· New RNTI(s) for explicit reconfiguration DCI (eIMTA-RNTI) will be introduced

· The reconfiguration DCI at least carries 3 bits to explicitly indicate one of the existing 7 UL/DL configurations

· Explicit reconfiguration DCI is transmitted in at least Pcell PDCCH CSS

· If a UE is configured with two or more eIMTA-enabled cells, the UE can be indicated by one explicit reconfiguration DCI for the two or more eIMTA-enabled cells if the DCI is transmitted in Pcell PDCCH CSS

· Two or more indicators (each of 3-bit) for the corresponding two or more eIMTA-enabled cell can be included in one explicit reconfiguration DCI for a UE configured with two or more eIMTA-enabled cells, if the DCI is transmitted in Pcell PDCCH CSS

· A UE is expected to monitor explicit reconfiguration DCI at least in a set of periodic subframes (subject to DRX operation)

· FFS whether or not to monitor additional subframes in addition to the set of periodic subframes

· The set of periodic subframes is by configuration 

· FFS whether or not to have a modification period during which the UE can assume the same configuration 

· FFS whether the UE can combine multiple DCI transmissions within the given modification period

Working assumption:

· The DCI size to carry reconfiguration bits is aligned to DCI format 1C only
· If the explicit reconfiguration DCI only carries information for explicit reconfiguration, the number of eIMTA-RNTI configured for the UE is always 1

In this contribution, we provide further discussion for the remaining open questions focusing on UL-DL reconfiguration signalling reliability and fallback operation.
2
Reliability and robustness of reconfiguration DCI
When using UE-group-common signaling for dynamic UL-DL reconfiguration, an explicit indicator is transmitted periodically via (E)PDCCH. In order to keep the overhead reasonable, common signaling can be sent only in predefined subframes e.g. once per radio frame.  
The error rate achievable by common signaling varies between 10-3 and 10-2, depending on the exact signaling type. The related error cases, missed detection and false alarm, are caused by the erroneous detection of (E)PDCCH. The main problem related to the error cases is that eNB cannot know whether the UE has missed the UE-group-common (E)PDCCH or assumes wrong information due to false alarm. Consequences of the signaling errors include throughput loss in DL/UL side and potential problems related to CSI measurement/reporting. Besides signaling errors, application of DRX causes also issues with dynamic UL-DL reconfiguration. It may not always be practical to align DRX configuration with UL-DL reconfiguration signaling, leading the UE to miss some of the reconfiguration DCIs. Based on these observations, it can be stated that reliability of UL-DL reconfiguration is of high importance and it is not sufficient with the baseline solution. 
Observation: Reliability enhancement for UE-group common UL-DL reconfiguration signalling needs to be supported.

The reliability of common signaling can be improved by transmitting more than one reconfiguration signal within a notification window, as proposed in [1, 2]. For example, if the minimum UL/DL reconfiguration time is 20ms, the same (E)PDCCH carrying the reconfiguration command can be repeated within a 20ms window. An issue related to the repetition is that full repetition gain is available only at the end of the repetition window.
In order to support efficient repetition in different deployment scenarios, it makes sense to define a persistency window. The principle is shown in Figure 1.
· The UE assumes that TDD configuration does not change during the persistency window (i.e., UL-DL re-configuration can occur only at the beginning of window).
· There can be a separate reconfiguration window
 (i.e. notification window) ensuring that repetition gain is available already at the beginning of the persistency window. 
·      Reconfiguration latency (modification period) defines the time offset between the reconfiguration window and the persistency window. 
·      A predefined number of UL-DL reconfiguration commands defined by reconfiguration interval are transmitted during the window.
· The starting position and duration of the persistency window and the reconfiguration window are configured using higher layer signaling.
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Figure 1. Principle of configurable UL-DL persistency window (with exemplary parameter values). 

When using this approach, eNB has full control to trade-off between reliability (repetition gain), UL-DL reconfiguration time scale and the involved latency. 
Based on this discussion above we make the following proposals:
Proposal #1: Define a configurable persistency window. The UE may assume the UL-DL configuration shall not change during the persistency window.
Proposal #2: Define a configurable reconfiguration window with a configurable time offset w.r.t. persistency window. The UE may assume the same UL-DL configuration command is repeated throughout the reconfiguration window.  
Proposal #3: Define configurable periodicity for the reconfiguration commands.
3
Fallback operation
There are three possible fallback operations available for the cases when UE does not have valid UL-DL reconfiguration available:
1.    Implicit fallback: UE performs PDCCH blind detection in all potential DL subframes until valid UL-DL reconfiguration is received.

2.    Operation according to SIB-1 TDD UL-DL (legacy) configuration: UE follows TDD UL/DL configuration included in SIB1 to decide the transmission direction of each subframe in a radio frame, and performs PDCCH monitoring and PDSCH reception in the fixed DL subframes only.
3.    Operation according to the most conservative configuration [3]: 
· DL operation: UE performs (E)PDCCH blind detection only in DL/Special subframes defined by UL reference configuration (SIB-1) 
· UL operation: UL transmission is supported only in UL subframes defined by DL reference configuration.
The difference between option #2 and #3 is that option #3 does not allow UL usage of flexible subframes in the absence of valid UL-DL configuration. This could provide extra robustness for the overall system since it can avoid UL-to-DL interference within the cell in the absence of valid UL-DL configuration (e.g. due to false positive).
Generally speaking, there are no significant differences between three principles from DL point of view. Implicit fallback aims at maximizing peak data rates whereas operation according to legacy/reference TDD UL-DL configuration aims at minimizing blind decoding burden (& UE power consumption) in the absence of valid UL-DL reconfiguration. 
It should be noted that probability of the cases when UE does not have valid UL-DL configuration is relatively low especially with proper repetition scheme (see in Section 2). This indicates that differences in peak data rate and power consumption are very small. Based on these arguments, we make the following proposal:
Proposal #4: In the case UE does not have valid UL-DL reconfiguration available, it operates according to the most conservative configuration.
4
Conclusion
In this contribution we have discussed signalling mechanisms needed to support dynamic TDD UL-DL reconfiguration. Based on the discussion we make the following observation and proposals:

Observation: Reliability enhancement for UE-group common UL-DL reconfiguration signalling needs to be supported.

Proposal #1: Define a configurable persistency window. The UE may assume the UL-DL configuration shall not change during the persistency window.

Proposal #2: Define a configurable reconfiguration window with a configurable time offset w.r.t. persistency window. The UE may assume the same UL-DL configuration command is repeated throughout the reconfiguration window.  

Proposal #3: Define configurable periodicity for the reconfiguration commands

Proposal #4: In the case UE does not have valid UL-DL reconfiguration available, it operates according to the most conservative configuration.
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� Another approach is to such that common DCI can be designed to contain both the current and the next UL-DL configuration. A reserved UL-DL reconfiguration field can be used when next UL-DL configuration has not yet been defined by eNB.








