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Background
In RAN1 #86, the following agreements were made for sTTI lengths [1][2].
· 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
In RAN1 #86bis, the candidate sTTI structures and combination of sTTI lengths for DL and UL were discussed with all alternatives listed for selection. 
Based on existing agreements, the UL sTTI length is not smaller than the DL sTTI length. Thus, in case of different DL and UL sTTI lengths, multiple DL subframes will be mapped to a UL subframe following a minimum processing timing. 
In this contribution, we discuss potential solutions for sPDSCH HARQ-ACK feedback and sPUSCH scheduling timings under multiple DL sTTI to UL sTTI mapping. 
DL HARQ-ACK timing and DL association set
If the DL sTTI length is smaller than the UL sTTI length, multiple DL sTTIs will be linked to a single UL sTTI. For a given UL sTTI, multiple linked DL sTTIs form a DL association set. From a single DL sTTI point of view, the HARQ-ACK feedback of a sPDSCH in sTTI n should reported in the earliest UL sTTI that satisfies the minimum processing timing, i.e. starts no early than DL sTTI n+k. Note this principle can be applied regardless of the k value.
Proposal 1: The HARQ-ACK feedback of a sPDSCH in sTTI n is reported in the earliest UL sTTI that starts no early than DL sTTI n+k.
Figure 1 shows two examples with 2-symbol DL sTTI and 1-slot UL sTTI assuming a minimum processing time of n+k for DL HARQ-ACK feedback. Two 2-sym structures are used for demonstration, k=7 for structure {3,2,2,2,2,3} and k=8 for structure {2,2,2,2,2,2,2}.
In these examples, the actual processing time for sPDSCH HARQ-ACK feedback of each DL sTTI in each set of DL sTTIs are longer than the minimum processing timing of k DL sTTI lengths. Thus, the minimum processing time n+k actually defines a DL association set for each UL sTTI. The DL association set is important to determine the number of HARQ-ACK bits in a HARQ-ACK report, e.g. by the number of DL sTTIs in the corresponding DL association set of a given UL sTTI. 


Figure 1: HARQ-ACK reporting of sPDSCH transmissions on a UL sTTI
Proposal 2: A DL association set should be defined for a UL sTTI to determine the number of HARQ-ACK bits to be reported in a UL sTTI.
sPUSCH scheduling timing 
Similarly, the minimum processing time of k for a sPUSCH scheduling is based on the UL sTTI length. For a sPUSCH transmission in UL sTTI n, the UL grant should be issued in a DL sTTI within UL sTTI n-k. If the DL sTTI length is smaller than the UL sTTI length, multiple DL sTTIs may be ended in a single UL sTTI n-k. 
Figure 2 shows two examples with 2-symbol DL sTTI and 1-slot UL sTTI assuming a minimum processing time of k=4 in terms of 1-slot sTTI length for sPUSCH scheduling. Two 2-sym structures are used for demonstration: structure {3,2,2,2,2,3} and {2,2,2,2,2,2,2}. For a given UL sTTI, multiple linked DL sTTIs form a UL association set for sPUSCH scheduling. Thus, RAN1 should specify which DL sTTI within the set is used to schedule a UL sPUSCH transmission. Two approaches can be considered.
Approach 1: To minimize UL scheduling delay, the sPUSCH should be scheduled by the last DL sTTI within the set of DL sTTIs, i.e., a sPUSCH transmission in UL sTTI n is be scheduled by the latest DL sTTI that ends in UL sTTI n-k. A UE performs blank decoding of UL grants only in sPDCCH of the given DL sTTI. 


Figure 2: sPUSCH scheduling from a DL sTTI
Approach 2: To provide better scheduling flexibility, any DL sTTI within the set may be used to schedule a sPUSCH transmission. However, this increases the blank decoding requirements in sPDCCH.
To reduce UE complexity, the simpler approach 1 is preferred.
Proposal 3: A sPUSCH transmission in UL sTTI n is scheduled by the latest DL sTTI that ends in UL sTTI n-k. 
Conclusion
In this contribution, we consider the case of a DL sTTI length smaller than a UL sTTI length, and analyze the association timing issues for sPDSCH HARQ-ACK feedback and sPUSCH scheduling. Based on the analysis, we propose that:
Proposal 1: The HARQ-ACK feedback of a sPDSCH in sTTI n is reported in the earliest UL sTTI that starts no early than DL sTTI n+k.
Proposal 2: A DL association set should be defined for a UL sTTI to determine the number of HARQ-ACK bits to be reported in a UL sTTI.
Proposal 3: A sPUSCH transmission in UL sTTI n is scheduled by the latest DL sTTI that ends in UL sTTI n-k. 
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