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Background
Based on the observations of latency reduction study, RAN plenary #72 approved a work item on shortened TTI and processing time for LTE. As a part of the work item, TDD LTE will focus on 1-slot sTTI [1][2]. 
For Frame structure type 2: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)
In this contribution, we discuss the processing time reduction for 1-slot sTTI in TDD, focusing on sPDSCH HARQ-ACK feedback timings. 

sPDSCH HARQ-ACK feedback for 1-slot sTTI
In a TDD LTE serving cell with sTTI, due to fixed subframe allocation, the sPDSCH HARQ-ACK feedback has to wait until the next available subframe allocation in TDD. Thus, the HARQ-ACK feedback of a sPDSCH can only be reported on the next available UL subframe. A 1-slot sTTI makes a good balance between specification impact and feedback delay of a sPDSCH transmission in TDD.
In a TDD cell, a DL or a UL subframe consists of 2 1-slot sTTIs. The sTTIs for a special subframe depends on the special subframe configuration. A short special (SS) TTI in the first slot may be a DL sTTI with different number of DL symbols depending on the DwPTS configuration. A short special (SS) TTI in the second slot may be a sTTI with at least gap period (GP) and UpPTS while the existence of DwPTS depends on the special subframe configuration. 
With 1-slot sTTI, there are more sTTIs for sPDSCH transmissions, also more UL sTTIs available for sPDSCH HARQ-ACK feedback. Therefore, new DL association set should be redesigned for 1-slot sTTI with a short special TTI treated as a DL subframe. The new DL association set for TDD with 1-slot sTTI design should follow several simple principles, e.g. the minimum processing time is 4 sTTIs; the DL sTTIs should be evenly distributed in the association sets. 
As an example, Figure 1 provides PDSCH HARQ-ACK association with slot sTTI for UL/DL configurations 0, 1, 2 and 6, i.e. UL/DL configurations with 5ms periodicity [3]. Table 1 summarizes the average latency for the HARQ-ACK feedback of a DL subframe of legacy TTI and sTTI assuming the PDSCH can be scheduled in all DL TTI or sTTIs. The average latency is computed as the mean value of the association timing for all DL sTTIs to their corresponding UL sTTIs. 
As shown in Table 1. The slot based sTTI has no impact on legacy TDD operations, and provides reasonable latency reduction, e.g. reduce the process delay by ~50%. Similarly, the RTT can be reduced to 5ms compared with at least 10ms for legacy TDD operations.


Figure 1. Example of PDSCH HARQ-ACK association timing with 1-slot sTTI
Table 1. Average DL subframe latency for HARQ-ACK reporting
	Average Feedback Latency
	Legacy TDD (in ms)
	1-slot sTTI (in ms)

	Config. 0
	5
	2

	Config. 1
	5.667
	2.667

	Config. 2
	6.25
	3.75

	Config. 6
	6.6
	2.6


For TDD UL/DL configurations with 10ms periodicity, new DL association sets can also be defined. However, because there is only 1 DL to UL transition in a radio frame, the processing time reduction gain from sTTI is not very significant compared with UL/DL configurations with 5ms periodicity. 
Proposal 1: In design of new DL association sets for 1-slot sTTI, higher priority should be given to TDD UL/DL configuration with 5ms periodicity.
Currently, several different DL association sets are defined for LTE TDD with 1ms TTI. A DL association set is defined for each TDD UL/DL configuration. Also, in FDD-TDD CA with TDD as the PCell, a DL association set is defined for a FDD cell where all subframes can be DL subframes. The DL association set of FDD cell for FDD-TDD CA is a superset of the downlink association set of the corresponding UL/DL configuration. It is not optimized for FDD, and the number of subframes in each association set can be very unbalanced in some cases.
For TDD CA with different UL/DL configurations, either DL association set can be applied, i.e. UE can be configured to follow the DL association set of a DL reference configuration that is determined based on the combination of the PCell and the SCell UL/DL configurations, or follow the FDD DL association set defined for FDD-TDD CA based on the TDD SCell.
To design the DL association set for 1-slot sTTI, RAN1 needs to consider whether to follow the same logic and defined multiple DL association sets, or define a single DL association set that is applicable to all cases. 
Proposal 2: One or more DL association sets for 1-slot sTTI may be specified for different TDD operation scenarios.

Conclusion
[bookmark: _GoBack]In this contribution, we analyze the PDSCH HARQ-ACK feedback time reduction for TDD with 1-slot sTTI. Based on the analysis, we propose that:
· Proposal 1: In design of new DL association sets for 1-slot sTTI, higher priority should be given to TDD UL/DL configuration with 5ms periodicity.
· Proposal 2: One or more DL association sets for 1-slot sTTI may be specified for different TDD operation scenarios.
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