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1. Summary
In this contribution, we compare explicit and implicit signalling for eIMTA reconfiguration (or subframe direction), and the impacts on HARQ-ACK timing designs. We analyse the reliability requirement and impact on DRX operation with explicit signalling and implicit signalling. And we find that they are closely related to the signaling mechanism of HARQ-ACK timing. 
Therefore, we propose that RAN1 should have joint consideration of reconfiguration/subframe direction signalling and HARQ-ACK timing when explicit vs. implicit signalling are discussed.  

2. Explicit vs. implicit signaling with HARQ-ACK considerations
As discussed in RAN1#72bis on explicit vs. implicit signaling, the following aspects should be considered
· Required reliability for reconfiguration/subframe direction signaling

· Impact on DRX operation

However, for reconfiguration/direction signaling, the required reliability and the impact on DRX operation are closely related to the detail signaling mechanism of HARQ-ACK timing. For example, the signaling of a radio frame configuration may need a higher reliability than a signaling for a subframe direction change. And the DRX operation is directly related to the DL HARQ-ACK timing and association set. Therefore, the reconfiguration signaling also relates to mechanisms of HARQ-ACK timing. In this contribution, we analyse pros and cons of different reconfiguration signaling methods with joint consideration of HARQ-ACK timing design.

Alt. 1: Explicit with TDD configuration transition
In this alternative, the reconfiguration signaling indicates a new UL/DL configuration, and a transition is performed to the new configuration. 

In one way of explicit reconfiguration signaling, the actual TDD UL/DL configuration of the next radio frame is signaled in advanced. Thus, the actual configuration of each radio frame is known to UEs. The actual configuration can be used to determine timings of PDSCH HARQ-ACK reporting, PUSCH scheduling and PUSCH HARQ-ACK reporting. 
The UE may perform a transition from the current UL/DL configuration to the new UL/DL configuration once a reconfiguration signal is received. The special configuration derived from the current UL/DL configuration and the new UL/DL configuration may be used to determine the HARQ-ACK timings during the transition. The new UL/DL configuration HARQ-ACK timing may be used after the transition. 
Thus, there may be no need to signal/configure extra TDD UL/DL configurations at higher layer. By knowing UL/DL configuration in advance, UE power consumption may be reduced. On the other hand, additional signaling overhead is required for explicit signaling, and UE behaviour has to be defined during UL/DL reconfiguration. Moreover, high reliability for reconfiguration signaling is required and the impact on DRX operation is considered to be large.
Pros:

· No need to signaling extra TDD UL/DL configurations at higher layer. 

· UE Power consumption may be reduced by knowing configuration in a radio frame.
· TDD UL/DL configuration may be reused for CSI measurement.
Cons:

· Additional reconfiguration signalling overhead (may be required in every radio frame).
· UE behaviour has to be defined during transition phase of UL/DL reconfiguration.
· Less flexibility of subframe usage and longer time scale on subframe direction change
Alt. 2: Explicit with DL-reference and UL-reference configurations

In this alternative, the HARQ-ACK timing references are separated from the reconfiguration signalling, and the reconfiguration is explicitly signalled by the eNB to dynamically schedule the subframe (e.g., a single subframe or subframes in a radio frame) direction.

Thus, the same HARQ-ACK timing is maintained during UL/DL reconfigurations. The DL-reference and UL-reference configurations need to be configured / determined separately by extra higher layer configuration signaling. In that case, reliability for reconfiguration/direction signaling is not serious issue since the UL/DL reconfiguration and subframe direction change does not affect to HARQ-ACK timing and misdetection of DL/UL grant happens anyway.
In one method, an explicit reconfiguration signalling may indicate the TDD UL/DL configuration of the next radio frame. And the UL/DL configuration signaled in each radio frame should be selected within the set of UL/DL configurations determined by extra higher layer configuration signaling.
In another explicit reconfiguration signalling method, the direction of a flexible subframe may be indicated explicitly by eNB with new or existing PDCCH/EPDCCH or DCI formats. In this case, the UE knows the subframe direction at the time of usage, but may not know the UL/DL configuration allocation in advance, i.e. before the radio frame starts. 
By knowing UL/DL configuration or the subframe direction in advance, UE power consumption may be reduced. On the other hand, additional signaling overhead is required for explicit signaling in every radio frame. 
Pros:

· HARQ-ACK timing is configured separately from the reconfiguration signalling, thus the same HARQ-ACK timing is maintained for UL/DL reconfigurations within the range. 

· Flexibility of subframe usage with very short time scale on subframe direction change.
· The subframe direction is known to UE, UE power consumption may be reduced. 

· TDD UL/DL configuration may be reused for CSI measurement, e.g. following the UL-reference UL/DL configuration.
Cons:

· Separate DL-reference and UL-reference UL/DL configurations may be required
· Additional reconfiguration signalling overhead (may be required in every radio frame or for each flexible subframe).
· Additional RRC signalling overhead to configure the eIMTA cell and determine the reference UL/DL configurations.

Alt. 3: Implicit with DL-reference and UL-reference configurations

In this alternative, the HARQ-ACK timing references are separated from the reconfiguration signalling, and implicit reconfiguration signalling is used to dynamically schedule the subframe direction by the eNB.

With implicit reconfiguration signalling, the subframe direction is dynamically scheduled by the eNB. The UE may not know the actual allocation in advance, i.e. before the reception of UL/DL grant. Thus, the flexible subframes may be considered as DL for PDSCH operation and as UL for PUSCH operation. Therefore, separate DL-reference and UL-reference UL/DL configurations may be used. Additional PHY/MAC signaling is not required for implicit signaling, and existing PUCCH/EPDCCH and DCI formats can be reused.

On the other hand, the UE behavior in flexible subframes needs to be specified and error handling needs to be considered. Since the UL/DL configuration is not known for a UE in advance so UE tends to consume more power for PDCCH blind decoding in the flexible subframe unless cross-subframe scheduling is employed. Furthermore, extra higher layer configuration signaling may be required to determine the reconfiguration range and/or the DL and UL reference configurations. 
Pros:

· HARQ-ACK timing is configured separately from the reconfiguration signalling, thus the same HARQ-ACK timing is maintained for UL/DL reconfigurations within the range. 

· No need of new PHY or MAC reconfiguration signalling

· No additional PHY signalling overhead
· Flexibility of subframe usage with very short time scale on subframe direction change.
Cons:

· UE may not know the actual allocation in advance, i.e. before the reception of UL/DL grant.
· UE Power consumption may be large for blank decoding in flexible subframes.
· Separate DL-reference and UL-reference UL/DL configurations may be required.
· Additional RRC signalling overhead to configure the eIMTA cell and determine the reference UL/DL configurations.

· Impact on CSI measurement due to unknown directions in flexible subframes.
Based on the analysis, the reconfiguration signalling has huge impacts on HARQ-ACK timing design. But it is possible to have a common HARQ-ACK timing design that is independent of reconfiguration signalling. Table 1 summarizes comparison between explicit and implicit signalling with HARQ-ACK timing considerations.

Table 1: Comparison between explicit signaling and implicit signaling

	
	Required Reliability for reconfiguration/ subframe direction signaling
	Impact on DRX operation
	Separate UL/DL-reference configurations (i.e., signaling mechanism of HARQ-ACK timing)

	Explicit
	Alt.1
	High
	Large
	Not required

	
	Alt.2
	Low
	FFS
	Required

	Implicit
	Alt.3
	Low
	May be not
	Required


3. Conclusions
In the contribution, we compare several explicit and implicit PHY layer signalling methods, and analyse the impacts on HARQ-ACK timing designs. 
We observe that the required reliability for reconfiguration/direction signaling and the impact on DRX operation are closely related to the detail signaling mechanism of HARQ-ACK timing. 

The reconfiguration signaling may lead to different HARQ-ACK timing designs. We propose that 
· RAN1 should study the following alternatives with joint consideration of reconfiguration signalling and HARQ-ACK timing when explicit vs. implicit signalling are discussed. 

· Alt. 1: Explicit with  TDD configuration transition
· Alt. 2: Explicit with DL-reference and UL-reference configurations
· Alt. 3: Implicit with DL-reference and UL-reference configurations
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