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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 from RAN1 #72bis:

A signaling mechanism which explicitly or implicitly indicates TDD UL-DL reconfiguration by either 

· PHY signaling (not including PBCH/MIB signaling), or 

· MAC signalling

PBCH/MIB signaling issue could be revisited if reliability issue of the above method becomes severe

Note: “PHY signaling” includes possibility of 

· UE specific or UE common signalling
· Using either existing or newly defined DCI formats
Working assumptions from RAN1 #73:

Explicit L1 signalling of reconfiguration by UE-group-common (E)PDCCH

· FFS which search space is used for this signalling 

· FFS the fallback solution to improve reliability and robustness of the explicit solution

· FFS the necessary UL scheduling timing and HARQ timing signalling 

· Strive to avoid additional blind decodes 

In this contribution, we provide further discussion for the remaining open questions.

2
Reliability and Robustness of UE-group-common UL-DL reconfiguration Indicator
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. 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 configurable UL-DL reconfiguration persistency window. The principle is shown in Figure 1.
· The UE assumes that UL-DL configuration does not change during the window (i.e., UL-DL re-configuration can occur only at the beginning of window).
· A predefined number of UL-DL reconfiguration commands (Common DCI) are transmitted during the window.
· The starting position and duration of the window can be configured using higher layer signaling.
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Figure 1. Principle of configurable UL-DL reconfiguration persistency window. 

When using configurable UL-DL reconfiguration persistency window, eNB has full control to trade-off between reliability (repetition gain) and UL-DL reconfiguration time scale. 
Proposal #1: Define configurable UL-DL reconfiguration persistency window

One of the issues to consider is the reliability at the beginning of UL-DL reconfiguration persistency window where the repetition gain is not yet available. In order to solve this issue, 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.
Proposal #2: Consider including information on both current and next UL-DL reconfiguration in the UE-group-common DCI
3
Search spaces and implicit fallback
UE-group common UL-DL reconfiguration indication should be transmitted via common search space and fixed DL subframes. It is noted that there is no common search space defined for EPDCCH. Hence, PDCCH common search space should be applied. UE-group-common DCI is to be transmitted at predetermined time instants. The periodicity of UE-group-common DCI can be fixed (e.g. once per radio frame) or it can be made configurable.

In addition to regular indicators, eNB might want to send additional (extra) indicators e.g. at the beginning of UL-DL reconfiguration window or in the case when certain UE wakes up from DTX. eNB may use PDCCH common search space for sending the additional UE-group-common DCI.

Proposal #3: UE-group-common UL-DL reconfiguration indication should be transmitted via fixed DL subframes, and using PDCCH common search space.

One of the remaining issues is to define the exact content for UE-group-common DCI. Assuming that UL-DL reconfiguration indication is transmitted via common search space, and the amount of UE blind decoding is kept unchanged compared to legacy operation, there are two size options available UE-group-common DCI:

· Option #1: Align the size of UE-group-common DCI with the size of DCI Format 1C

· Option #2: Align the size of UE-group-common DCI with the size of DCI Format 3/3A

The payload size of DCI Format 1C depends on system bandwidth and varies between 8 and 15 (excluding CRC). It is noted that this is clearly enough for conveying the UL-DL reconfiguration indicator of the current and next UL-DL configuration. The payload of DCI Format 3/3A varies between 21 and 28 bits (excluding CRC). The main difference between two options is that  DCI Format 1C has about 1.5 dB better link performance (coverage) compared to DCI Format 3/3A. As discussed earlier, detection reliability is of outmost importance and for that reason we propose Option #1.
Proposal #4: Align the size of UE-group-common DCI with that of DCI Format 1C.
In the case UE does not have valid UL-DL reconfiguration available, it may operate according to implicit signaling. In this case, UE performs PDCCH blind detection from all potential DL subframes until valid UL-DL reconfiguration is received [3]. Similarly, specific operation according to invalid UL-DL reconfiguration may be applied for the CSI reporting.
In the case eNB suspects that some UE may have wrong understanding on the current UL-DL configuration, eNB may utilize only fixed DL subframes for PDSCH scheduling to ensure that UE receives the scheduling information properly.

Proposal #5: In the case UE does not have valid UL-DL reconfiguration available, it operates according to implicit signalling.

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 configurable UL-DL reconfiguration persistency window.

Proposal #2: Consider including information on both current and next UL-DL reconfiguration in the UE-group-common DCI

Proposal #3: UE-group-common UL-DL reconfiguration indication should be transmitted via fixed DL subframes, and using PDCCH common search space.
Proposal #4: Align the size of UE-group-common DCI with that of DCI Format 1C.
Proposal #5: In the case UE does not have valid UL-DL reconfiguration available, it operates according to implicit signaling.
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