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1 Introduction

In the RAN#73 meeting, the revised Work Item on shortened TTI and processing time for LTE was approved [1], with following objectives:  

For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

In last meeting, it was agreed that
· 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 this contribution, we will analyze and give our views on sTTI structures. 
2 Discussion on sTTI structures

To describe HARQ timing and scheduling timing conveniently, sTTI patterns and the sTTI index within a subframe should be defined. In this section, DL sTTI structures and UL sTTI structures are discussed separately.
2.1 Discussion on DL sTTI structures

To guide the selection of DL sTTI structures, we share our views on design criteria.
· The sTTI pattern is independent of the number of legacy PDCCH symbols.

Since the number of legacy PDCCH symbols can be changed dynamically, if sTTI patterns are changed according to the number of legacy PDCCH symbols, there becomes too many sTTI configurations which is undesirable. Therefore, one sTTI pattern per DL sTTI length should be defined to simplify network and UE processing no matter how many legacy PDCCH symbols are indicated. 

· Short TTI is not configured with extended CP.
In RAN1#85 meeting, it was recommended to reduce the maximum TA for short TTI operation with processing time reduction compared to Rel-13, which means cell coverage will be reduced compared to Rel-13. So it is reasonable not to support extended CP for short TTI. Note that the extended CP is intended for scenarios with particularly high delay spread such as very large rural cells.
· No sTTI spans over slot boundary.
It was agreed to support 2-symbol sTTI and 1-slot sTTI in DL. If every 2 symbols constitute a sTTI, the fourth 2-symbol sTTI within a subframe will cross the slot boundary, which means 2-symbol sPDSCH and  1-slot sTTI can only be place on different PRBs when the eNB needs to support 2-symbol sTTI and 1-slot sTTI within the same subframe.  To avoid this scheduling restriction, it is beneficial that no sTTI spans over slot boundary.
· A CSI-RS is contained in a single sTTI.
To perform interference measurement and channel measurement efficiently, it is beneficial that a CSI-RS in time is contained in a single sTTI. Based on current CSI-RS pattern in FDD, for 2-symbol based DL sTTI, symbol#5 and symbol#6, symbol#9 and symbol#10, and symbol#12 and symbol#13 should be in three sTTIs, respectively.

According to the above criteria, 2-symbol based DL sTTI structure and one-slot based DL sTTI structure are shown in Figure 1 and Figure 2. For 2-symbol based DL sTTI, both option 1 {3, 2, 2, 2, 2, 3} and option 2 {2, 2, 3, 2, 2, 3} could satisfy all the principles. Down-selection between two options is needed.
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Figure 1 2-symbol based DL sTTI pattern
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Figure 2 1-slot based DL sTTI pattern

Proposal 1: 
One sTTI pattern per DL sTTI length should be defined. The corresponding sTTI index within a subframe is fixed.
· For 2-symbol based DL sTTI, down-select between {3, 2, 2, 2, 2, 3} and {2, 2, 3, 2, 2, 3}.
· For 1-slot based DL sTTI, each slot should be a sTTI.
2.2 Discussion on UL sTTI structures

As discussed above, to guide the selection of UL sTTI structures, some design criteria should be given as below.
· One sTTI pattern per UL sTTI length is defined no matter how to configure UL DMRS and SRS.

In the last meeting, it was agreed that at least for 2-symbol based sTTI, UL DMRS position for sPUSCH is indicated by eNB. Although UL DMRS position is not fixed, sTTI pattern should not be changed according to UL DMRS position since one sTTI pattern per UL sTTI length is more efficient and simple for network and UE processing. In addition, considering SRS may be configured in last symbol, it is preferred that at least 3 symbols should be configured in last sTTI. 
· Short TTI is not configured with extended CP.
The reason is same as discussed in section 2.1.

· No sTTI spans over slot boundary.

The reason is same as discussed in section 2.1. In addition, no sPUCCH spans over slot boundary which may be beneficial to multiplex sPUCCH with PUCCH with slot hopping. 
According to the WI, UL sTTI length is still not down selected. In this section, we will analyze and give our proposals on 2-symbol, 4-symbol and 1-slot based UL sTTI structues, which are shown in Figure 3-5.
For 2-symbol based UL sTTI, {2, 2, 3, 2, 2, 3} as shown in Figure 3 is preferred. The details for 2-symbol based sPUCCH can be found in [2] and the details for 2-symbol based sPUSCH can be found in [3]. 
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Figure 3 2-symbol based UL sTTI pattern

For 4-symbol based UL sTTI, {4, 4, 4, 4} with two shared UL RSs as shown in Figure 4 is preferred. The details for 4-symbol based sPUCCH can be found in [2] and the details for 4-symbol based sPUSCH can be found in [3]. With 4-symbol sPUCCH, frequency hopping can be supported which improves the sPUCCH coverage [2]. Furthermore, due to higher transmission power with 4-symbol TTI compared to 2-symbol TTI, the sPUCCH coverage is further improved even without frequency hopping.  
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Figure 4 4-symbol based UL sTTI pattern 
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Figure 5 1-slot based UL sTTI pattern

Proposal 2: One sTTI pattern per UL sTTI length should be defined. The corresponding sTTI index within a subframe is fixed.
· For 2-symbol based UL sTTI, {2, 2, 3, 2, 2, 3} should be defined.
· For 4-symbol based UL sTTI, {4, 4, 4, 4} with two shared UL RSs should be defined.
· For 1-slot based UL sTTI, each slot is a sTTI.
3 Handling of small system bandwidth
Short TTI is not suitable for the system with smaller bandwidth.  The shorter the TTI, the larger bandwidth is needed to achieve the performance gain compared to existing 1ms TTI. For example, if system bandwidth is 6RBs and one CCE occupies 36REs, sPDCCH (PDCCH for short TTI) with CCE aggregation level 1/2/4/8 corresponds to 7%/14%/29%/57% of all REs in a 0.5ms TTI. For shorter than 0.5ms TTI, the percentage of RE occupied by sPDCCH gets larger. Thus the overhead of sPDCCH occupies a larger portion of the available resources in smaller bandwidth. In addition, if frequency multiplexing between 1ms TTI and short TTI is supported, it is expected that even less PRBs can be available for short TTI transmission, which makes the percentage of RE occupied by sPDCCH even larger. 

Considering the larger sPDCCH overhead and worse channel coding performance with smaller TBS,  it is not desirable to support sTTI with small bandwidth.
Proposal 3: Short TTI is not supported for the system bandwidth smaller than xMHz. FFS on the value of x.
4 Conclusion

In this paper, we have analyzed short TTI structures with following proposals:
Proposal 1: One sTTI pattern per DL sTTI length should be defined. The corresponding sTTI index within a subframe is fixed.
· For 2-symbol based DL sTTI, down-select between {3, 2, 2, 2, 2, 3} and {2, 2, 3, 2, 2, 3}.
· For 1-slot based DL sTTI, each slot should be a sTTI.
Proposal 2: One sTTI pattern per UL sTTI length should be defined. The corresponding sTTI index within a subframe is fixed.
· For 2-symbol based UL sTTI, {2, 2, 3, 2, 2, 3} should be defined.
· For 4-symbol based UL sTTI, {4, 4, 4, 4} with two shared UL RSs should be defined.
· For 1-slot based UL sTTI, each slot is a sTTI.
Proposal 3: Short TTI is not supported for the system bandwidth smaller than xMHz. FFS on the value of x.
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