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1. Introduction

In RAN1#85 meeting, following working assumption and agreements were made on processing time for shortened TTI. [1][2]

 REF _Ref458608406 \r \h 
[3]:

	Working Assumption:
· It is recommended to support a design that is based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/ sPDCCH
· It is recommended to support a design that is based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· During the WI phase, down-selection is not precluded

Agreements:
· It is recommended to reduce the maximum TA for short TTI operation with processing time reduction compared to Rel-13

· A single minimum delay between UL grant and UL data and between DL data and DL HARQ feedback is recommended to be supported for a given sTTI length
· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;
· Processing time >= the legacy processing time linearly downscaled with TTI length

· 4 <= k <= 8
· FFS whether or not to support processing time is lower than the legacy processing time linearly downscaled with TTI length for at least slot based TTI

· k < 4 for slot based TTI. 

· Note that sTTI refers to 

· sPUSCH sTTI for the UL grant to UL data timing 

· sPDSCH sTTI for the DL data to DL HARQ feedback timing
· FFS how to the handle the minimum timing for the case when DL sTTI and UL sTTI have different lengths
· Further study whether or not the eNB would indicate an additional parameter m (Note: the value may be dependent on the discussion on the max TA), resulting in a timing of n + k + m sTTI

· FFS: semi-static or dynamic configuration of m, if introduced


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

2.1. Alignment of shortened TTI length for DL and UL
According to the agreements from RAN1#85 meeting, 2 symbols and 7 symbols TTI lengths are supported on DownLink (DL) and 2 symbols, 4 symbols, and 7 symbols TTI lengths are supported on UpLink (UL). Then, the shortened TTI length for DL and UL can be different from each other at a single time instant. The difference in shortened TTI length between DL and UL may give rise to an additional latency reduction. For example, it may not be possible to reduce the TTI length in one direction because of high traffic load, but a feedback for the opposite direction can use shorter TTI length, which may reduce latency. However, it may increase a complexity of HARQ timing for DL and UL due to many possible combinations of the shortened TTI length of DL and UL.
Observation 1: A difference in the shortened TTI length between DL and UL may give rise to an additional latency reduction, but may increase a complexity of HARQ timing for DL and UL.
2.1.1. 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 grant’, ‘DL data’, and ‘DL HARQ transmission’, each of which consumes a certain amount of time. For ‘DL grant’, the total amount of time for channel estimation, blind detection, and decoding is required after receiving the sPDCCH. According to the number of symbols of sPDCCH and structure of Reference Signal (RS) Resource Elements (RE), the required time for sPDCCH reception and channel estimation would be different. The longer one affects the total amount of time for ‘DL grant’. In addition, sPDSCH decoding is required for ‘DL data’. For this case, the transmission mode (e.g., code block segmentation) and structure of RS affects the required time for the sPDSCH reception and channel estimation. The required time for ‘DL grant’ and ‘DL data’ can be treated on the basis of DL TTI. After decoding the DL data, sPUCCH is transmitted. The required time for sPUCCH transmission can be treated on the basis of UL TTI. 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 are also different.
If we focus more on the latency reduction than the complexity of HARQ timing, the minimum timing for UL grant to UL data and for DL data to DL HARQ can be set to be different. In this case, the minimum 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.
Observation 2: If we focus more on the latency reduction than the complexity of HARQ timing, the minimum timing for UL grant to UL data and for DL data to DL HARQ can be set to be different.
3. Conclusion
In this contribution, we discussed some issues related to HARQ timing for DL and UL with shortened TTI length.
Observation 1: A difference in the shortened TTI length between DL and UL may give rise to an additional latency reduction, but may increase a complexity of HARQ timing for DL and UL.
Observation 2: If we focus more on the latency reduction than the complexity of HARQ timing, the minimum timing for UL grant to UL data and for DL data to DL HARQ can be set to be different.
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