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1 Introduction
At RAN1 #73 meeting, signalling mechanisms for TDD UL-DL reconfiguration have been discussed and analyzed, with the following as working assumption:
· 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, different explicit UE-group-common physical layer signalling mechanisms are compared and analyzed, and one fallback solution is proposal to improve the reliability of the explicit solution.
2 UE group-common signalling
· DCI format 1C [1] [2] [3] [4] [5]
A new DCI format (e.g. DCI format 1E) with the same size as DCI format 1C can be used for TDD reconfiguration signalling. A new RNTI (e.g. eIMTA-RNTI) for DCI scrambling can also be defined. 
As depicted in Figure 1, the bits field of DCI format 1C can be divided into three parts. The first part is gap value indictor, which doesn’t exist when 
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; The second part is resource block assignment, which can be 3/5/6/7/8/9 bits, depending on the value of 
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 and gap; The third part is the modulation and coding scheme, which is fixed to 5 bits.
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Figure 1: bit field of DCI format 1C 

When UE is indicated to detect DCI format 1E which is scrambled by eIMTA-RNTI, a DCI format 1C scrambled by RA-RNTI/P-RNTI/SI-RNTI may be detected as DCI format 1E. This error is called PDCCH CRC false positive which may lead to ambiguous understanding of the current TDD UL/DL configuration or misdetection of PDSCH corresponding to the DCI format 1C. In order to alleviate the probability of CRC false positive, certain information bits in DCI format 1E can be set to a predetermined value which is viewed as an error case for DCI format 1C. 
Resources block assignment:

Not all states for resource block assignment are actually used. To be specific, if
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 and Gap 1 is adopted, then there are only 28 options of resource block assignment, with 4 states unused, in other word, 5 bits of resource block assignment started with “111” are never used in DCI format 1C.  In DCI format 1E, 3 most significant bits of resource block assignment in DCI format 1C can be set to “111”, and the remaining bits is used for carrying parity bit of reconfiguration signaling.

Modulation and Coding scheme:

5-bit modulation and coding scheme (MCS) index field is used to choose a TBS from a set of  up to 32 TBS for DCI 1C, which means there are not reserved states to be used as an error case for DCI format 1C.
In order to convey the fast UL-DL TDD configuration for eIMTA system, three bits out of MCS index field can be used to indicate one out of 7 TDD configurations, and the remaining two bits can be used for transmit parity bits of the reconfiguration signalling.
The method of designing DCI format 1E with the same size as DCI format 1C has benefits such as lower overhead because DCI format 1C is the smallest DCI format, no increase in blind decoding, and improved reliability because certain bit fields can be set to predetermined values to virtually extend the CRC length. 

· DCI format 1A [6]
The reconfiguration signalling can be embedded in existing DCI format. For instance, when the format 1A CRC is scrambled with a RA-RNTI, P-RNTI, or SI-RNTI then the following fields are reserved:

· HARQ process number ( 3 bits for TDD)
· Downlink Assignment Index (2bits for TDD only and is not present in FDD)

In order to indicate one out of 7 TDD UL-DL reconfigurations, at most 3 bits is required and part of the reserved bit can be reused in eIMTA system.  For instance, if TDD reconfiguration interval is 10ms, then a DCI format 1A scrambled with RA-RNTI, P-RNTI, or SI-RNTI shall be transmitted at the beginning of each frame, and TDD reconfiguration signalling is embedded in DCI format 1A without incurring additional overhead.  Obviously, there is no guarantee that DCI format 1A scrambled with RA-RNTI, P-RNTI, or SI-RNTI will be transmitted in the beginning  of each frame because the periodicity is determined based on the Paging/Random access and system information configuration. 
· DCI format 3/3A [6]
As another example, the reserved bits in DCI format 3/3A can also be used to indicate the TDD UL-DL reconfiguration. Although the maximum TPC-Index is 15 and 31 for DCI format 3/3A respectively, more information bits can be padded in order to allow DCI format 3/3A to have the same size as DCI format 0/1A. For example, for
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, there are 39 bits in DCI format 1A, which means additional 9 bits are padded in DCI format 3 and 8 bits are padded in DCI format 3A, which can be used to indication the selected TDD configuration for the next reconfiguration interval. However, same as the case of DCI format 1A, there is no guarantee that DCI format 3/3A will be transmitted on DL subframe which needs to send the fast TDD reconfiguration signalling.
Proposal1: New UE-group common DCI with the same size of DCI format 1C shall be used to indicate the fast TDD configuration for flexible-TDD system.
3 Explicit signaling and fallback solution 

It is possible that one UE may not successfully detect the signalling at the beginning of the reconfiguration interval and it would be beneficial to repeat the indication in each frame within this reconfiguration interval. As indicated in Figure 2, if UE missed the first reconfiguration signalling, and it will continue on detecting the remaining reconfiguration signalling until succeeds in detecting what TDD configuration is used for the rest of the frames in the reconfiguration interval.
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Figure 2: repeat fast TDD reconfiguration indication

Before detecting TDD reconfiguration signalling, UE doesn’t know the flexible-TDD configuration of one frame,

· It has no idea of which subframe should be used for PDSCH HARQ-ACK feedback after successfully receipt one DL data packet transmission.

· It has no idea of which subframe the UL grant is related to. It is possible to collide with other valid UL transmission.

· It has no idea of which subframe the HARQ-ACK for PUSCH should be transmitted

To sum up, when UE has no information of fast TDD configuration, a fallback solution is needed to specify the procedure taken by the UE.

Option1: follow the TDD configuration indicated by SIB-1
Flexible-TDD UE follows the legacy specification and decodes SIB-1 information the same as legacy UE. In this sense, legacy long term TDD configuration is always available and may be used as the reference configuration for Flexible-TDD UE.
As depicted in Figure 3,
 assuming legacy TDD configuration#0 is indicated by SIB-1 and fast TDD configuration#2 is signalling via explicit signalling. When flexible-TDD UE missed the fast TDD configuration, if it follows the legacy TDD configuration#0 and treats DL subframe #3, #4, #8 and #9 as UL subframe, then up to 4 PDSCH transmissions will be missed.
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                                                        Figure 3: follow the TDD configuration indicated by SIB-1

Proposal2: When flexible-TDD UE fails to detect fast TDD reconfiguration signaling, it is not recommended to follow legacy TDD configuration indicated by SIB-1.
Option 2: follow predetermined reference TDD configuration for scheduling and HARQ-timing
A semi-static reference configuration is predetermined for scheduling and HARQ timing in UL and DL, respectively. For instance, the reference configuration can be inferred from the legacy TDD configuration. Before detecting the fast TDD configuration, flexible-TDD UE will try to detect PDCCH/PDSCH on each flexible subframe unless one flexible subframe is confirmed to be used as UL subframe by reference timing and UL grant/PHICH transmission.

It is beneficial for flexible-TDD UE to follow the semi-static reference configuration only on frames between two reconfiguration interval, since scheduling and HARQ-timing designed for each TDD configuration is more efficient then the reference configuration. However, in case flexible-TDD UE missed fast TDD configuration for the several frame in the beginning of one reconfiguration interval, then this UE may have problem in determining the scheduling and HARQ timing since reference configuration should only be used for the first frame and the fast TDD configuration is unknown.

Proposal3: a semi-static reference configuration is used for the whole reconfiguration interval. For flexible-TDD UE missed the fast reconfiguration signalling, the adopted semi-static reference configuration can be inferred from legacy TDD configuration.
4 Restricted TDD reconfiguration
In the past simulation of eIMTA, there is no restriction in the selection of TDD configuration, which means for each reconfiguration interval; any one out of 7 TDD configurations can be selected to accommodate the dynamic fluctuation of traffic. However, it seems the maximum freedom in TDD reconfiguration may not always desirable, and the TDD reconfiguration over several consecutive reconfiguration intervals can be restricted within a subset of 7 TDD configurations.
Roughly, 7 TDD configurations provide DL-UL resource ratio from 0.57 by configuration #0 to 8.54 by configuration#5. The DL-UL traffic buffer for one cell is changing gradually because the file arriving rate of DL and UL is fixed, and the DL/UL resource is constantly allocated for transmission. In that sense, the possibility of reconfiguration TDD configuration from #0 in the formation reconfiguration interval to #5 in the next reconfiguration interval is low, and restricted TDD reconfiguration may not have a major impact the system performance gain achieved by flexible-TDD.
Proposal4: The fluctuation rate of DL-UL traffic buffer ratio should be simulated and full freedom in TDD reconfiguration may not be necessary.
5 Conclusion 
In this contribution, we discussed the transmission mechanisms for reconfiguration signalling and we provide our proposal as follows:

Proposal1: New UE-group common DCI with the same size of DCI format 1C shall be used to indicate the fast TDD configuration for flexible-TDD system.
Proposal2: When flexible-TDD UE fails to detect fast TDD reconfiguration signaling, it is not recommended to follow legacy TDD configuration indicated by SIB-1.
Proposal3: a semi-static reference configuration is used for the whole reconfiguration interval. For flexible-TDD UE missed the fast reconfiguration signalling, the adopted semi-static reference configuration can be inferred from legacy TDD configuration.

Proposal4: The fluctuation rate of DL-UL traffic buffer ratio should be simulated and full freedom in TDD reconfiguration may not be necessary.
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