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1 Introduction
In RAN#72 the new WI on short TTI and reduced processing [1] was agreed with the (selected) objectives of supporting a slot-based TTI for FS2 and a TTI length of 2 symbols, 4 symbols (for sPUSCH/sPUCCH only, down-selection not precluded) and 1 slot for FS1. 
In RAN1#86bis, it was agreed to down-select the DL sTTI pattern from the list given in [2] and the following conclusion was made:

Conclusion
· Aspects to consider when downselecting between the 2OS DL sTTI in R1-1610827

· Orphan symbol sTTI

· Support of distributed resource block allocation together with sTTI operation

· Slot based sTTI operation together with 2 symbol sTTI operation

· CSI-IM

· Varying number of shortened TTI within a subframe

· PCFICH detection error

· HARQ timing

· Achievable minimum HARQ/scheduling timing with varying sTTI length

· UL sTTI structure

· Other aspects can also be considered

In this paper we analyse the different DL sTTI patterns.
2 Discussion

2.1 High level principles 
In the DL two different sTTI lengths are supported: 2os and 7os. To simplify the definition of UL grant timing and DL HARQ timing, and also to let the UE know when to search for sPDCCH, we propose that the DL TTIs have fixed starting positions and that the length of the first DL TTI, and in some cases the number of DL TTIs, varies depending on the number of symbols used for PDCCH, see Figure 1. Since the longest PDCCH length of 4 OFDM symbols is intended for narrowband operation, we propose it is not used for short TTI operation, since the control overhead may become too large.

Proposal 1 Each DL PDSCH TTI (if present) is defined at fixed starting symbols.
Proposal 2 A downlink control region (PDCCH) of 4 symbols is not supported for short TTI operation.

To efficiently share the resources between short TTI, it may be beneficial to be able to schedule both 2os TTI and 7os TTI in the same subframe. To make this possible, no 2os TTI should cross the slot border.
Proposal 3 A single sTTI should not cross the slot border.

To be compliant with the slot boundary, the second slot of a subframe will be composed of two 2os sTTI and one 3os sTTI. Similarly, the varying number of PDCCH symbols will lead to that one or more of the short TTIs may have a length that differs from the nominal 2os TTI length in the first slot of a subframe. Using a short TTI length of a single symbol will leave very low amount of data to be scheduled, and may also be incompatible with a DMRS scheme with two consecutive DMRS symbols. Additionally, having some TTI with three symbols and some TTI with a single symbol will mean that there is a large difference between the amount of data in different TTIs which may be an issue in case of the retransmission of a 3os sPDSCH in a 1os sTTI.

Proposal 4 Avoid orphan symbol TTIs. 
Proposal 5 If the fixed starting positions of the TTIs, in combination with the present length of PDCCH, leads to a single-symbol TTI, then merge this TTI with the following, effectively leading to a three-symbol TTI.

When defining the positions of a 2-symbol DL sTTI within the subframe, the CSI-RS pattern should be considered so that a CSI-RS pair in time domain does not overlap two consecutive DL TTIs but is contained in a single sTTI. This enables to combine the sTTI feature with CSI-RS based transmission modes, especially to obtain accurate interference measurement with CSI-IM.

Proposal 6 sTTI position is designed so that it does not partly overlap with potential CSI-RS resources.

The proposed DL sTTI pattern depicted in Figure 1 varies depending on the length of PDCCH, i.e. CFI. In the 1ms TTI operation, CFI is typically conveyed in PCFICH. If PCFICH is not correctly decoded, the UE is not able to decode PDCCH. In addition, in the 1ms TTI operation the start position of PDSCH and the number of OFDM symbols spanned by PDSCH also depends on the length of PDCCH. From that perspective, a DL sTTI pattern varying with the PDCCH length follows the principles used in the 1ms TTI operation.
Observation 1 A DL sTTI pattern varying with the PDCCH length is aligned with the principles used for the 1ms TTI operation
2.2 Down-selection of DL TTI patterns from the WF

Table 1 lists the DL patterns from [2]. We see that the pattern specified by Option 2-1 is the only of the patterns that fulfil the points above; that it does not cross the slot border, does not contains both 1 and 3 symbols TTI, and does not partly overlap with possible CSI-RS configurations.
Proposal 7 Option 2-1 of R1-1610827 is selected as DL sTTI pattern.

Table 1. Comparison of DL TTI patterns from R1-1610827 [2]
	Name
	Pattern
	Slot border?
	1 symbol TTI?
	CSR-RS?

	Option 1-1
	{3,2,2,2,2,3}
	
	1 and 3 symbols TTI
	

	Option 1-2
	{2,2,3,2,2,3}
	
	1 and 3 symbols TTI
	

	Option 1-3
	{2,2,2,2,2,2,2}
	crosses slot border
	1 symbol TTI
	partly overlap

	Option 1-4
	{3,2,2,3,2,2}
	
	1 and 3 symbols TTI
	partly overlap

	Option 2-1
	{3,2,2,2,2,3}
	
	merge 1 sym with next
	

	Option 2-2
	{4,2,2,2,2,2}
	crosses slot border
	merge 1 sym with next
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Figure 1. TTIs in DL subframe for different TTI lengths and PDCCH lengths. R and C denote a OFDM symbol with CRS and potential CSI-RS, respectively.

3 Conclusion

In section 2 we made the following observations:
Observation 1
A DL sTTI pattern varying with the PDCCH length is aligned with the principles used for the 1ms TTI operation


Based on the discussion in section 2 we propose the following:
Proposal 1
Each DL PDSCH TTI (if present) is defined at fixed starting symbols.
Proposal 2
A downlink control region (PDCCH) of 4 symbols is not supported for short TTI operation.
Proposal 3
A single sTTI should not cross the slot border.
Proposal 4
Avoid orphan symbol TTIs.
Proposal 5
If the fixed starting positions of the TTIs, in combination with the present length of PDCCH, leads to a single-symbol TTI, then merge this TTI with the following, effectively leading to a three-symbol TTI.
Proposal 6
sTTI position is designed so that it does not partly overlap with potential CSI-RS resources.
Proposal 7
Option 2-1 of R1-1610827 is selected as DL sTTI pattern.
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