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1 Introduction

Evaluations for TDD UL-DL reconfiguration [1] and [10]  reveal significant performance benefits by allowing TDD UL-DL reconfiguration based on traffic adaptation in small cells, in Rel-12 RAN1 is tasked to enable TDD UL-DL reconfiguration for traffic adaptation in small cells according to “New work item proposal for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” [2].
In last meeting, it is agreed that

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

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

· MAC signaling

· PBCH/MIB signaling issue could be revisited if reliability issue of the above method becomes severe
In this contribution, we further discuss the possible signaling mechanisms for TDD UL-DL reconfiguration and give our proposals and candidate schemes.
2 Comparisons between different signaling mechanisms
2.1 MAC vs. PHY signaling
MAC signaling can achieve UL-DL reconfiguration on the time scale of tens of milliseconds, and TDD UL/DL reconfiguration indication is individually signaled to each UE.
PHY signaling can support TDD UL-DL reconfiguration with the fastest time scale as 10ms. In the last meeting, many candidates schemes for PHY signaling are discussed , e.g. explicit PHY signaling, implicit PHY signaling, common PHY signaling and dedicated PHY signaling, the detailed comparison of these PHY signaling schemes are  discussed in section 2.2 and 2.3.

The following sections give the comparisons between MAC and PHY signaling as follows:
· The reliability of MAC and PHY signaling
· For MAC signaling, HARQ retransmission scheme is supported to ensure the performance of signaling transmission. According to [4], we can consider that the probability of MAC signaling missing is not worse than 0.1% based on the the NAK to ACK probability. 
· For PHY signaling, the average probability of a missed downlink scheduling grant is 1% [5], which is lower than the performance of MAC signaling. However, PHY signaling with some simple enhancements can also achieve the same reliability as MAC signaling, e.g. if PHY signaling is repeated twice, the average probability of a missed downlink scheduling grant can achieve 0.01%.

MAC signaling has no obvious advantage on reliability compared to PHY signaling.
· The resource utilization of MAC and PHY signaling
· Both PDCCH and PDSCH are needed for MAC signaling transmission. Dedicated MAC signaling requests PDSCH allocation for each UE during the UL/DL reconfiguration period. If there is no DL data transmission for a UE during the reconfiguration period, at least one extra PRB needs to be scheduled for MAC signaling transmission. 
· Only PDCCH resource is needed for PHY signaling transmission.
Dedicated MAC signaling needs more resource than PHY singling during reconfiguration period.
· For MAC signaling, the ambiguity issue exists between eNB and UE during TDD UL-DL reconfiguration period
· eNB does not know the exact time when the UE applies the updated UL-DL configuration during a reconfiguration period. However, this issue can be solved by defining the activation time. The activation time of the updated TDD UL-DL configuration can be predefined or included in one RRC signaling.  
	
	MAC
	PHY

	Reliability
	High
	High with repetition

	Resource utilization
	Lower
	Higher

	Impact to higher layer
	Yes 
	No


Table 1. Comparison of signaling mechanisms
Observation 1:  PHY signaling can achieve similar reliability performance with repetition, better resource utilization, and less impact to higher layer specification, compared with MAC signaling.
2.2 Explicit vs. implicit PHY signaling
For implicit signaling mechanism [6], the transmission direction of a flexible subframe is indicated by PDCCH,where the flexible subframe is used as uplink transmission when the UL grant is schedued to the corresponding flexible subframe, otherwise the flexible subframe is treated as a downlink subframe. In addition, a PHICH with NACK for scheduling non-adaptive UL retransmission could also indicate the flexible subframe as UL subframe. 
For explicit signaling mechanism, it can be considered to reuse the information bit within one exiting DCI, or to introduce a new DCI format to explicitly indicate TDD UL-DL configuration in the radio subframe.
The comparisons between explicit and implicit signaling are listed as follows:

· Implicit signaling mechanism may introduce intra-cell UE-to-UE interference which impacts the system performance. For implicit signaling mechanism, UE may misinterpret the TDD configuration when PDCCH is false alarmed or PHICH is incorrectly detected as NACK, which can lead to intra-cell UE-to-UE interference. For explicit signaling mechanism, can reduce the probability of PDCCH false alarm for UL transmission on flexible subframe, which is beneficial to improve the system performance.
· For implicit signaling mechanism, UE cannot timely perform CSI measurement or transmit SRS in the flexible subframes, since it cannot exactly know when the subframes are used for DL or UL transmission. As the CSI on flexible subframes could be quite different from the fixed subframes due to different interference condition, it is necessary to have CSI measurement on such flexible subframes. 
· For implicit signaling mechanism, UE cannot know whether subframe #6 is a special subframe or a normal DL subframe. As said in [7], the equivocal configuration of subframe#6 may cause problems on PDSCH and EPDCCH reception as well as CSI measurements. To solve this issue, subframe #6 can be always assumed as a special subframe [6], but this will lead to resource waste. Another possible solution is to introduce one signaling to indicate the subframe type of subframe#6.
· For explicit signaling mechanism, extra PHY signaling overhead is needed. However, if common explicit PHY signaling is used, the additional overhead is not high, which is discussed in detail in section 2.3. In addition, for implicit signaling mechanism, to solve the ambiguity issue of subframe#6, either additional indication signaling or additional resource waste in subframe #6 may be needed.
	
	Explicit
	Implicit

	Intra-cell UE-to-UE interference
	No
	Yes

	CSI measurement issue for flexible subframe
	No
	Yes

	Ambiguity of subframe#6
	No
	Yes

	Overhead
	Higher 
	Lower


Table 2. Comparison of signaling mechanisms
Proposal 1: The explicit PHY signaling is used to indicate UL-DL configuration. 
2.3 Common vs. Dedicated PHY signaling
The comparisons between common and dedicated signaling are listed as follows:

· Common PHY signaling carried by PDCCH in CSS may have higher reliability than dedicated PHY signaling carried by PDCCH in USS. 

· First, the payload size of existing DCI format in CSS can be smaller (e.g. DCI format 1C) than the DCI format in USS. Therefore, the PDCCH missing probability can be lower. 
· Second, PDCCH in CSS has lower PDCCH false alarm probability than PDCCH in USS (UE-specific search space) due to less blind decodes.
· The overhead of dedicated PHY signaling may be higher than common PHY signaling.
· The overhead of dedicated signaling depends on the number of active UEs. If the number of active UEs is relatively large in a cell and the traffic load frequently fluctuates, the overhead for dedicated PHY signaling can be higher than common PHY signaling. 
· With common signaling, considering reliability, at most two PHY signaling messages are needed. If the TDD configuration information is embedded in existing DCI format, no extra signaling overhead will be introduced, e.g. for DCI format 1A scrambled with SI-RNTI / P-RNTI / RA-RNTI or DCI format 3/3A, the reserved bits can be found and used to indicate TDD UL-DL reconfiguration.
	
	Common
	Dedicated

	Reliability
	High (CSS)
	Low (USS)

	Overhead
	Lower
	Higher


Table 3. Comparison of signaling mechanisms
According to above analysis of PHY signaling, we propose that

Proposal 2: Common PHY signaling should be prioritized for the further design.

3 Conclusion

In this contribution, we compare potential dynamic signaling mechanisms for TDD eIMTA. Taking more tradeoff analysis with signaling reliability, signaling overhead and some ambiguity issue, we have following observation and proposals:

· Observation:  
Compared to MAC signaling, PHY signaling can achieve similar reliability performance with repeating twice, better resource utilization, and less impact to higher layer specification.
· Proposal 1: The explicit PHY signaling is used to indicate UL-DL configuration.
· Proposal 2: Common PHY signaling should be prioritized for the further design.
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