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Background
In RAN1 #85, the following agreements were made for processing time reduction for sTTI [1].
·  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
If the DL sTTI length and UL sTTI length can be configured independently, the DL sTTI length may be different from the UL sTTI size. Especially, if 3/4-symbol sTTI is supported and configured for UL, the UL and DL sTTI will always be different. 
In this contribution, we discuss potential timing issues for sPDSCH and sPUSCH operations when the DL sTTI and UL sTTI have different lengths. 
Different DL sTTI and UL sTTI cases
Based on RAN1 #85 agreements, for processing timing, the sTTI refers to sPUSCH sTTI for the UL grant to UL data timing, and sPDSCH sTTI for the DL data to DL HARQ feedback timing. Two cases can be considered if different sTTI lengths are configured for DL and UL operations.
Case 1: DL sTTI is smaller than UL sTTI
If the DL sTTI length is smaller than the UL sTTI length, multiple DL sTTIs may be linked to a single UL sTTI. 
Figure 1 shows an example with 2-symbol DL sTTI and 1-slot UL sTTI assuming a minimum processing time of n+k, where k=8 for 2-symbol sTTI and k=4 for 1-slot sTTI. In this example, the actual processing time for sPDSCH HARQ-ACK feedback of each DL sTTI in each set of DL sTTIs are k={10.5, 9.5, 8.5}, k= {11, 10, 9, 8} respectively in terms of 2-symbol DL sTTI length. The sPUSCH scheduling has a k=4 in terms of 1-slot UL sTTI length.


Figure 1: DL sTTI is smaller than UL sTTI
With multiple DL to one UL mapping, 
· For sPDSCH HARQ-ACK feedback, RAN1 should specify the methods to report HARQ-ACK of multiple DL sPDSCHs in a single UL sTTI. 
· For sPUSCH scheduling, RAN1 should specify which DL sTTI within the set of DL sTTI is used to schedule a UL sPUSCH transmission.

Case 2: DL sTTI is greater than UL sTTI
If the DL sTTI length is larger than the UL sTTI length, multiple UL sTTIs may be linked to a single DL sTTI. 
Figure 2 shows an example with 1-slot DL sTTI and 2-symbol UL sTTI assuming a minimum processing time of n+k, where k=8 for 2-symbol sTTI and k=4 for 1-slot sTTI. In this example, the processing time for sPDSCH HARQ-ACK feedback is k=4 in terms of 1-slot DL sTTI length. The actual processing time for sPUSCH transmission of each UL sTTI scheduling in each set of UL sTTIs are k={8, 9, 10, 11}, k={8.5, 9.5, 10.5} in terms of 2-symbol UL sTTI length. The sPDSCH scheduling has a k=4 in terms of 1-slot DL sTTI length.


Figure 2: DL sTTI is greater than UL sTTI
With one DL to multiple UL mapping, 
· For sPDSCH HARQ-ACK feedback, RAN1 should specify which UL sTTI within the set of UL sTTIs carries the HARQ-ACK feedback of a sPDSCH. 
· For sPUSCH scheduling, RAN1 should specify how to schedule sPUSCH in different UL sTTI in the set of UL sTTI. 
Based on the observations of these cases, we propose 
Proposal 1: In case of different DL sTTI length and UL sTTI length, RAN1 should 
· Define many-to-one and/or one-to-many DL to UL mapping for different cases; and 
· Specify detailed procedures for sPDSCH HARQ-ACK feedback and sPUSCH scheduling.
Alternative processing timing definition
For all the cases above, the minimum processing time for sPDSCH and sPUSCH are different because sPDSCH HARQ-ACK timing is based on DL sTTI length and sPUSCH scheduling timing is based on UL sTTI length. 
As shown in Figure 1 and Figure 2, the sPDSCH HARQ-ACK feedback and sPUSCH scheduling link to different sTTI based on the longer sTTI length between DL and UL. Thus, even if a sPDSCH transmission and a sPUSCH scheduling are in the same DL sTTI, HARQ-ACK feedback on the scheduled sPUSCH is not possible. 
To avoid such issue, the same processing timing should be applied to both sPDSCH and sPUSCH by using the longer sTTI length between DL and UL. If the longer sTTI length is used and the same n+k, or n+k+m, is applied, the processing timing will be the same as the longer sTTI. To achieve the benefits of shorter sTTI length, the processing time of the longer sTTI length may be adjusted by applying a smaller k value compared with same sTTI case. 
For example, in both Figure 1 and Figure 2, the processing time can be set as n+3 instead of n+4 based on 1-slot sTTI length. Thus, k<4 can be supported for 1-slot sTTI as least for the case of different DL sTTI and UL sTTI lengths. Note in these examples, the reduced k value for longer sTTI (1-slot sTTI with k=3) could achieve the same association timing for the shorter sTTI length with its own k value (e.g. 2-symbol sTTI with k=8).
Proposal 2: The minimum processing time should be based on the longer sTTI length between DL sTTI and UL sTTI. 
· For 1-slot sTTI, k=3 can be supported for different DL and UL sTTI lengths.
Conclusion
In this contribution, we consider different DL sTTI and UL sTTI lengths, and analyze the required clarification on sPDSCH HARQ-ACK feedback and sPUSCH scheduling. Based on the analysis, we propose that:
Proposal 1: In case of different DL sTTI length and UL sTTI length, RAN1 should 
· Define many-to-one or one-to-many DL to UL mapping for different cases; and 
· Specify detailed procedures for sPUSCH HARQ-ACK feedback and sPUSCH scheduling.

Proposal 2: The minimum processing time should be based on the longer sTTI length between DL sTTI and UL sTTI. 
· For 1-slot sTTI, k=3 can be supported for different DL and UL sTTI lengths.
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