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1 Introduction
In RAN1#73, signaling mechanisms for TDD UL-DL reconfiguration were discussed with the following agreements made [1]:
· Explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH as a work assumption. 

· 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 
Given this working assumption, the detailed design of explicit L1 signaling for TDD UL-DL reconfiguration is still to be decided. In this contribution, these aspects are discussed.
2 Discussions
2.1 PDCCH Search space for UL-DL reconfiguration indication
In LTE, UE dedicated search space (UESS) and common search space (CSS) are defined for PDCCH. The CSS is share by all UEs in the cell, while the UESS is defined for each UE individually. Note that the UESS and CSS may overlap in CCE domain for a given UE.

UESS is not possible to support UE-group-common signaling due to harsh function. CSS can be used to transmit the UE-group common signaling. However, given that the L1 signaling for UL-DL reconfiguration needs to be transmitted every radio frame and higher aggregation level are used, the blocking probability in CSS will be increased.  Therefore, it is of interest to consider new UE-group SS for TDD UL-DL reconfiguration signaling, e.g. TDD specific search space (TDD SS). The location of TDD SS can be determined similarly to current UESS but based on TDD RNTI. 
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Figure 1 Potential CCEs for TDD specific search space 

In the inter frequency dual connectivity scenario (small cell scenario #2a) where UL-DL reconfiguration is only applied on the small cell frequency (Scell), it may not be optimized to transmit the L1 signaling for UL-DL reconfiguration always on the Pcell (macro carrier frequency), e.g. through CSS or TDD SS. Since the UL-DL reconfiguration is determined by small cell scheduler, the macro eNB have to obtain the UL-DL configuration in the small cell through non-ideal backhaul then signal to the UEs on the Pcell. This may limit the fast UL-DL reconfiguration when the backhaul delay is high. Therefore it is beneficial to transmit the L1 signaling for UL-DL reconfiguration on each respective serving cell, e.g. by allowing UE monitoring CSS or TDD SS on the Scell. In order not avoid additional blind decoding, reducing the blind decoding in UESS can be considered.
With either CSS or TDD SS, the DCI used for UL-DL reconfiguration should be scrambled by TDD RNTI. 
Proposal 1:
Either common search space or new TDD specific search space can be used for TDD UL-DL reconfiguration signaling. The TDD specific search space should be considered if the blocking probability in CSS is a concern.
Proposal 2:
Transmitting the L1 signaling for UL-DL reconfiguration on each respective serving cell should be considered, e.g. by allowing UE monitoring CSS or TDD SS on the Scell.
2.2 Reliability and robustness of L1signaling

Before the fallback solution to improve reliability and robustness of the explicit solution is discussed, the reliability and robustness of the DCI format should be analyzed at first. Figure 2 shows that detection performance of current PDCCH format 1C (in 20MHz BW) with aggregation level 4 and aggregation 8. At SINR of -2dB and -3dB, 
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 BLER can be reached for PDCCH format 1C with aggregation level 4 and 8, respectively. On the other hand, according to DL geometry for Macro-Pico adjacent channel deployment as shown in Figure A-1, only 1% of the Pico UEs have the DL SINR below 0dB.  Therefore, the possibility of error detection should be very low in pico cells. And the reliability of common PDCCH for UL-DL reconfiguration should be sufficient. If fallback solution is deemed to be necessary, we propose that UE follows SIB1 UL-DL configuration when the signaling for UL-DL reconfiguration is not correctly decoded.
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Figure 2 Detection performance of PDCCH format 1C
Proposal 3:
The reliability of common PDCCH for UL-DL reconfiguration should be sufficient in typical deployment scenario for UL-DL reconfiguration. 
Proposal 4:
UE follows SIB1 UL-DL configuration when the signaling for UL-DL reconfiguration is not correctly decoded, if a fall back solution is deemed to be necessary.
2.3 DCI format for UL-DL reconfiguration
TDD UL-DL reconfiguration in small cells should be applicable in each component carrier in carrier aggregation. Since the configuration of Pcell and Scell in CA is UE specific and CSS is only monitored in Pcell according to current specification. There are two options considered as the following 

· Option 1- “DCI format 3/3A” like solution

If the signaling for UL-DL reconfiguration is transmitted in CSS or TDD SS on Pcell, it should be able to indicate the UL-DL reconfiguration for each serving cell individually. Design similar to existing DCI format 3/3A can be considered to indicate multiple UL-DL configurations in one DCI format. In such DCI format, multiple control regions are defined and each UE is configured to monitor one of them to obtain the UL-DL configuration for each aggregated serving cell. One control region in the DCI format can be shared by multiple UEs configured with the same component carrier. The index of control region that the UE should monitor for each serving cell is configured by higher layers. It should be noted that this method can also support TDD eIMTA in CoMP scenario 4 where individual UL-DL reconfiguration are performed in each transmission points. For example, a DCI size of 15bits can indicate UL-DL configuration for 5 serving cells or transmission points. If the number of serving cells or transmission points is small, the DCI bits not used for indication UL-DL configuration should be reserved as virtual CRC to improve the reliability. In the CA+CoMP scenario, the required bits for UL-DL reconfiguration can be high then more than one DCI and corresponding TDD RNTI can be used. 
· Option 2- “DCI format 1C” like solution
If the signaling for UL-DL reconfiguration is transmitted in each respective serving cell (i.e. in proposal 2), same DCI size with DCI format 1C can be used to indicate the UL-DL configuration for each serving cell. In this case, one DCI format only contains 3 valid bits for UL-DL reconfiguration, other bits should be reserved as virtual CRC to improve the reliability. To support CoMP scenario 4, separate DCI format and TDD RNTI can be used for each transmission point.
Proposal 5:

The design of DCI format for indicating UL-DL reconfiguration is dependent on the search space, two options are proposed to be considered.
2.4 Subframe location for the L1signaling
L1 signaling for UL-DL reconfiguration can be transmitted in a subframe fixed in the specification (e.g. subframe #0) or configured by the eNB. The first option is beneficial in that the indicated UL-DL configuration can be used by the UE in the same radio frame if it is transmitted in the SF#0. The latter can be beneficial in reducing CSS blocking probability if multiple DCIs are required to indicate UL-DL configurations.
Proposal 6:

Decision on the subframe location for the L1 signaling depends on the DCI and search space design.
3 Conclusions
In this contribution, Design of L1 signaling for UL-DL reconfiguration is discussed. Our view can be summarized as the following:
Proposal 1:
Either common search space or new TDD specific search space can be used for TDD UL-DL reconfiguration signaling. The TDD specific search space should be considered if the blocking probability in CSS is a concern.

Proposal 2:
Transmitting the L1 signaling for UL-DL reconfiguration on each respective serving cell should be considered, e.g. by allowing UE monitoring CSS or TDD SS on the Scell.

Proposal 3:
The reliability of common PDCCH for UL-DL reconfiguration should be sufficient in typical deployment scenario for UL-DL reconfiguration. 
Proposal 4:
UE follows SIB1 UL-DL configuration when the signaling for UL-DL reconfiguration is not correctly decoded, if a fall back solution is deemed to be necessary.
Proposal 5:

The design of DCI format for indicating UL-DL reconfiguration is dependent on the search space, two options are proposed to be considered.
Proposal 6:

Decision on the subframe location for the L1 signaling depends on the DCI and search space design.
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5 Appendix
5.1 Link simulation assumption
Table A-1 link simulation assumption for detection performance for PDCCH format 1C
	Parameter
	Value

	Bandwidth
	20MHz

	Carrier frequency 
	2.6GHz

	Channel model and Doppler frequency
	EPA5

	Antenna configuration
	2x2 with low correlation
Cross-polarized antennas

	UE receiver
	MMSE


5.2 DL geometry in Macro-Pico adjacent channel deployment (scenario4) [2]
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Figure A-1 DL geometry for Macro-Pico adjacent channel deployment
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