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1. Summary
As described in eIMTA WI proposal, RAN1 should agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration [1]. In this contribution, we compare different reconfiguration methods on the association timing, reconfiguration time scale, flexibility of subframe usage and specification impacts.

Based on the analysis, we propose to separate eIMTA cell configuration and subframe direction configuration. The eIMTA cell configuration signalling will define the allowed UL/DL configurations for reconfiguration, thus the flexible subframes, and the reference configurations for DL and UL timing. The direction of each flexible subframe will then be determined based on reconfiguration signalling. The separation cell configuration and UL/DL reconfiguration signalling allows great flexibility on subframe usage and minimizes specification impact by using reference UL/DL configuration timings.
2. HARQ-ACK association timing of an eIMTA cell

For a TDD cell operation, it is critical to maintain the association timings, including PDSCH scheduling and PDSCH HARQ-ACK reporting, PUSCH scheduling and PUSCH HARQ-ACK reporting. The association timing change is one of the major constraints for eIMTA UL/DL reconfiguration. Based on the association timing, we compare several UL/DL reconfiguration methods, and summarized in Table 1.
Method 1: Temporal subframe changes from default configuration

Maintain a default configuration, some subframes may dynamically change their directions based on either explicit or implicit signaling. It is up to eNB scheduler to avoid collisions between a UL transmission and DL transmission in a flexible subframe. The subframe would maintain a default direction unless a signal is received to change. Thus, new PHY layer timing needs to be added to the default TDD UL/DL configuration timings.
Method 2: Transition to a new UL/DL configuration

A new UL/DL configuration is signaled, and a transition is performed from the current UL/DL configuration to the new UL/DL configuration. The association timing of the new UL/DL configuration will be applied after the transition. However, the association timing in the transition period needs to be specified for the switching. 
Method 3: Separate reference configurations for dynamic change within a range

Separate DL-reference UL/DL configuration and UL-reference UL/DL configuration are defined for PDSCH and PUSCH timings respectively. A flexible subframe is a subframe with different allocations in the reference configurations. Explicit or implicit signaling can be used to determine the transmission direction in a flexible subframe, and can be left FFS. 
Table 1. Comparisons of different UL/DL reconfiguration methods

	
	Method 1
	Method 2
	Method 3

	Association timing
	Fixed with default UL/DL configuration timing
	The new  configuration timing after each reconfiguration
	Separate DL-reference UL/DL  configuration and UL-reference UL/DL configuration 

	Need of new added timing
	Yes, for  subframe direction change
	Yes during the transition period
	No

	Reconfiguration time scale
	Short, PHY layer signal for subframe direction change only
	Medium to long, need transition for each reconfiguration.
	Short to medium, signal for  configuration or subframe direction

	Subframe  flexibility
	High
	Low, direction is fixed after reconfiguraion
	High

	Subframe usage signaling
	Yes
	No
	Yes

	Specification impact
	Medium, add new timing to default UL/DL configuration
	Medium, add configuration transition methods and timing
	Low, signal extra configurations, then follow the timings of reference configurations


Based on the comparison, Method 3 provides better subframe usage flexibility and less specification impact by reusing timings of existing UL/DL configuration. Therefore,
Proposal 1: For HARQ-ACK timing, RAN1 should consider separate DL-reference UL/DL configuration and UL-reference UL/DL configuration for an eIMTA cell.

3. Signaling of an eIMTA cell

The dynamic TDD UL-DL reconfiguration requires direction changes in some sbuframes. A subframe that allows direction change can be defined as a flexible subframe or a convertible subframe. An eIMTA cell may be characterized as a cell with a reconfiguration range. To support legacy UEs, a UL/DL configuration may be configured in a backward compatible manner as the default UL/DL configuration. Extra information may be signaled to define the supported UL/DL configurations for reconfiguration. 

By applying separate DL-reference UL/DL configuration and UL-reference UL/DL configuration, the signaling of an eIMTA cell may be divided into two levels with different time scale requirements.

Level 1: eIMTA cell configuration 

This will define the allowed UL/DL configurations for reconfiguration and the set of flexible subframes. The configuration can be cell-specific and support any UL/DL reconfiguration within the reconfiguration change. The configuration may be signaled once only, e.g. by RRC. The time scale for the eIMTA cell configuration signaling does not need to be very fast. 
The legacy TDD configuration should be a part of the eIMTA cell configuration with SIB1 in case of PCell and RRCCommon in case of SCell. Extra information element in SIB1 or RRC signalling can be used to define the eIMTA reconfiguration range. The configuration of an eIMTA cell will also be used to determine the DL-reference UL/DL configuration for PDSCH HARQ-ACK timing and the UL-reference UL/DL configuration for PUSCH scheduling and PUSCH HARQ-ACK reporting respectively. 
Level 2: UL/DL reconfiguration signaling

On the other hand, faster TDD UL-DL reconfiguration provides more benefits on average packet throughput than slower TDD UL-DL reconfiguration [2]. Therefore, the direction of the flexible subframes, i.e. the dynamic usage of flexible subframes should have the shortest time scale available. Thus, for eIMTA cell operation, PHY layer signalling should be used to determine the usage (i.e. the transmission directions) of flexible subframes. 

For example, the flexible subframe direction can be determined by explicit PHY layer signaling of an applied UL/DL configuration in each radio frame. Thus, there is no ambiguity on the flexible subframe usage. But the signaled of an applied UL/DL configuration tends to be slower, thus reduces the flexibility of subframe direction change. Alternatively, the flexible subframe direction can be explicitly or implicitly determined by PHY layer signaling, such as UL grant and/or DL scheduling. This provides better flexibility of subframe usage, but more mis-detection and error handling need to be considered. The UE behaviour in the flexible subframes and the flexible subframe direction signalling can be left FFS.  
Proposal 2: For the eIMTA signaling, RAN1 should consider separate eIMTA cell configuration and UL/DL reconfiguration signaling with different time scale requirements. 
4. Conclusions
In the contribution, we compare different methods of dynamic UL/DL reconfiguration from the aspects of association timing. Based on the analysis, we suggest configuring separate DL-reference and UL-reference UL/DL configurations to eIMTA cells, and applying separate steps for eIMTA cell configuration and subframe usage signalling. Therefore, we propose the following:

Proposal 1: For HARQ-ACK timing, RAN1 should consider separate DL-reference UL/DL configuration and UL-reference UL/DL configuration for an eIMTA cell.

Proposal 2: For the eIMTA signaling, RAN1 should consider separate eIMTA cell configuration and UL/DL reconfiguration signaling with different time scale requirements. 
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