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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Processing time reduction was not so discussed in last meeting. In this contribution, we discuss processing time reduction for sTTI.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Processing time on sPDCCH and CSI feedback
In order to reduce processing time decoding sPDCCH, compact DCI is preferred. In addition, DCI overhead is one of the big issues on latency reduction. For compact DCI, the granularity of RBG can be larger. It can be N times as large as legacy RBG size or 6 PRBs like the usage in eMTC. DCI format for sPDSCH and sPUSCH should be same size to reduce the monitoring time. The other approach for compact DCI would be frequency resource allocation / MCS are fixed in a subframe. Only first DCI in sPDCCH include full set of DCI contents and other DCI in sPDCCH includes limited information for each transport block as HARQ ID, NDI and RV. CSI feedback would not be shorter than a subframe. Then, suitable resource allocation and MCS is not changed in a subframe. The fixed PRBs have also merit of fixed interference to other cells.
Proposal 1: Compact DCI is considered in sTTI to reduce processing time. FFS on how to design compact DCI.
For CSI feedback, if channel itself is not changed, current mechanism can be reused. Both CRS based and CSI-RS based CSI feedback could be considered. If faster feedback to reflect fast variation of the interference in low load has the gain, quick CSI feedback should be studied. How much shortened TTI is necessary is depending on the interference fluctuation and overhead. In shortened TTI, interference from other cell is more fluctuating and it is depending on TTI length. In case resource utilization is low in the cell, the interference fluctuation is significant. However, overhead of UL CCH would be an issue. In addition, realistic processing delay should be also considered. For 1 symbol TTI, 10 TTI cycle is less than 1 subframe. It could be too short. The suitable TTI periodicity in periodic CSI and/or interval in aperiodic CSI should be studied.
Proposal 2: Suitable TTI periodicity in periodic CSI and/or interval in aperiodic CSI should be studied.

HARQ in FDD
HARQ minimum timing should be specified and/or configured for sTTI. The DL sTTI length would be the scale of HARQ timing. The minimum intervals of sPDCCH to sPUSCH, sPUSCH to ACK/NACK and sPDSCH to sPUCCH in eNB are defined as X DL sTTI +Y msec or MAX (X DL sTTI, Y msec). X DL sTTI is the depending on the DL sTTI length. Ymsec is not depending on sTTI length and it is related to processing delay for MAC. In UE, TA(timing advanced ) should be subtracted for UL transmission timing. For interval is 3DL sTTI +0.5 and 3/4 symbol TTI for UL and DL, UL HARQ timing is shown in Figure 1.  The figure is illustrated at eNB timing. Therefore, the timing offset between DL and UL related to propagation delay is not illustrated. 
[image: ]
[bookmark: _Ref446512065]Figure 1  UL HARQ timing in eNB for 3DL sTTI+0.5msec
If the non-adaptive HARQ is not supported in UL HARQ, ACK/NACK for UL (like a PHICH) is not transmitted and only DCI in sPDCCH indicates UL retransmission. In this case, just interval of sPDCCH to sPUSCH is configured for UL HARQ.
If UL assumes single carrier manner with one symbol is used for the reference, very short TTI length is difficult to be supported in UL. On the other hand, in DL, TTI length can be shortened. Link budget may also be different between UL and DL so UL may require larger TTI length to obtain sufficient energy from lower transmission power of UE. Therefore, the TTI length for DL and UL are not same should be considered. The supportable combinations of DL sTTI and UL sTTI are shown in Table 1.
[bookmark: _Ref446507879]Table 1 TTI length
	UL\DL
	1 symbol TTI
	2 symbol TTI
	3/4 symbol TTI
	7 symbol TTI
	14 symbol TTI

	1 symbol TTI
	Not feasible
	Not feasible
	Not feasible
	Not feasible
	Not feasible

	2 symbol TTI
	supported
	supported
	Not feasible
	Not feasible
	Not feasible

	3/4 symbol TTI
	supported
	supported
	supported
	Not feasible
	Not feasible

	7 symbol TTI
	supported
	supported
	supported
	supported
	Not feasible

	14 symbol TTI
	[bookmark: _GoBack]supported
	supported
	supported
	supported
	legacy



Proposal 3: RAN1 should discuss UL HARQ timing which will depend on control channel decoding, MAC preparation of uplink data and propagation delay. 
Proposal 4: TTI length in DL is not larger than that in UL should be considered for the down-selection of some combinations of UL and DL TTI length. 

When DL sTTI and UL sTTI length are not aligned and DL sTTI is shorter than UL sTTI, the UL grant in DL sTTI is located on DL sTTI which is at least X DL sTTI +Y msec or MAX (X DL sTTI, Y msec) earlier than the start timing of sPUSCH in UL sTTI. For minimum interval is 3DL sTTI +0.5 and 3/4 symbol TTI for DL, 7symbols TTI for UL, UL HARQ timing in eNB is shown in Figure 2. UL grant can be located on limited DL sTTIs in order to reduce false alarm. 

[image: ]
[bookmark: _Ref446513238]Figure 2  UL HARQ timing in eNB for 3DL sTTI+0.5msec when DL sTTI and UL sTTI length are not aligned

Conclusion
In this contribution, we discussed processing time reduction for sTTI. Based on these discussions, we propose 
Proposal 1: Compact DCI is considered in sTTI to reduce processing time. FFS on how to design compact DCI.
Proposal 2: Suitable TTI periodicity in periodic CSI and/or interval in aperiodic CSI should be studied.
Proposal 3: RAN1 should discuss UL HARQ timing which will depend on control channel decoding, MAC preparation of uplink data and propagation delay. 
Proposal 4: TTI length in DL is not larger than that in UL should be considered for the down-selection of some combinations of UL and DL TTI length. 
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