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1. Introduction

In RAN1#86 and RAN#73 meeting, following agreements were made on processing time for shortened TTI. [1][2]:

	Agreement:
· For frame structure type 1, the following principles on short TTI length shall be supported:

· The length of sPUCCH is the same or longer than the length of the DL sTTI carrying the associated sPDSCH

· The length of sPUSCH is the same or longer than the length of the DL sTTI carrying the associated UL grant

· The TTI length of sPUSCH is the same as that of sPUCCH in a given subframe for one UE

· FFS on specific TTI length combinations between DL and UL including possible down-selection of combinations

· FFS whether to support the combination of TTI lengths between sPDSCH with shortened DL TTI and PUCCH with 1ms UL TTI for FS1 and FS2

· Complete the following objectives (including striving to complete the corresponding ASN.1) by RAN#76, with further discussions on which release to include the following objectives in future RAN meetings
· For FS1, sPDCCH/sPDSCH/sPUSCH/sPUCCH design based on

· 2-symbol for sPDCCH/sPDSCH

· 2-symbol for sPUSCH/sPUCCH


Based on these agreements, we discuss the HARQ timing for shortened TTI length in this contribution.
2. Discussion

2.1. Shortened TTI length for DL and UL
According to agreements in RAN1#86 meeting, the length of UL TTI length for sPUSCH/sPUCCH is the same or longer than the TTI length of the associated DL channels. It is motivated from the necessity of UL coverage enhancement when shortened TTI operation is configured. In other words, this feature would be beneficial in terms of applicability of shortened TTI operation. In that point of view, even if a single TTI length is introduced for shortened TTI operation, it is necessary to support UL coverage enhancement scheme together with shortened TTI operation. For instance, it can be considered to support the combination of TTI lengths between sPDSCH with shortened DL TTI and PUCCH with 1ms UL TTI. Alternatively, HARQ-ACK repetition procedure in the existing LTE system can be considered for shortened TTI operation. 
2.1.1. HARQ timing for DL and UL
For the case where DL and UL have the different TTI lengths, it is necessary to investigate how to define HARQ timing for DL and UL. A HARQ procedure for DL and UL commonly consists of ‘grant for data’, ‘data’, ‘HARQ transmission’ as described in Figure 1. 
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Figure 1: Example of HARQ procedure for DL and UL
For example, DL HARQ procedure consists of ‘DL assignment, ‘DL data’, and ‘DL HARQ feedback’, each of which consumes a certain amount of time. For ‘DL assignment, the total amount of time for channel estimation, blind detection, and contents interpretation at MAC layer is required after receiving the sPDCCH. According to the number of symbols of sPDCCH and structure of Reference Signal (RS), the required time for sPDCCH reception and channel estimation would be different. The longer one affects the total amount of time for ‘DL assignment’. In addition, sPDSCH decoding is required for ‘DL data’. For this case, the transmission mode (e.g., code block segmentation/layer/PRB) and structure of RS affects the required time for the sPDSCH decoding and channel estimation. The required time for ‘DL assignment’ and ‘DL data’ can be treated on the basis of DL TTI length. After decoding the DL data, HARQ-ACK states are decided at MAC layer and sPUCCH will be transmitted. The required time for sPUCCH transmission can be treated on the basis of UL TTI length. According to the agreements from RAN1#85 meeting, the minimum timing for DL data to DL HARQ and for UL grant to UL data is n + k sTTI. Therefore, if the shortened TTI length of DL and UL are different, the minimum timing for DL data to DL HARQ and for UL grant to UL data can be different. The minimum timing for UL grant to UL data and for DL data to DL HARQ can be different. To simplify the timing, the determination of timing for DL data to DL HARQ and for UL grant to UL data can follow the shortened TTI length of DL and UL, respectively. As DL TTI is equal to or smaller than UL TTI, in this case, the processing time budget on DL HARQ (A/N transmission) can be tight. To address this issue, it is considerable to adapt “k” depending on UL TTI.
Observation 1: The minimum timing for UL grant to UL data and for DL data to DL HARQ can be different.
Proposal 1: Timing for DL data to DL HARQ and for UL grant to UL data can follow the shortened TTI length of DL and UL, respectively.

2.1.2. HARQ-ACK repetition procedure

Regarding the combination of DL and UL TTI length, it is necessary to check the benefits in latency reduction when the difference of DL and UL TTI length is too large. Nevertheless, UL coverage enhancement is needed to expand the scenarios where shortened TTI operation is applicable. In that point of view, it can be considered to support HARQ-ACK repetition procedure as in the existing LTE system to shortened TTI operation. In this case, sPUCCH carrying HARQ-ACK feedback can be repeated in multiple TTIs to enhance UL coverage even though TTI length for DL and UL is set to be 2OS.

Proposal 2: UL coverage enhancement scheme such as different TTI length between DL and UL, or HARQ-ACK repetition procedure as in the existing LTE systems can be considered for shortened TTI operation.
3. Conclusion
In this contribution, we discussed some issues related to HARQ timing for DL and UL with shortened TTI length.
Observation 1: The minimum timing for UL grant to UL data and for DL data to DL HARQ can be different.
Proposal 1: Timing for DL data to DL HARQ and for UL grant to UL data can follow the shortened TTI length of DL and UL, respectively.

Proposal 2: UL coverage enhancement scheme such as different TTI length between DL and UL, or HARQ-ACK repetition procedure as in the existing LTE systems can be considered for shortened TTI operation.
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