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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]. One of the objectives related to FS2 is as below: 
For Frame structure type 2: [RAN1, RAN2, RAN4]

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

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

It was only agreed that 1-slot sTTI is supported for FS2, but the details designs are not discussed up to now. This contribution considers TTI shortening aspects for FS2.
2 Structure for 1-slot sTTI
Slot-based sTTI is also under discussion in FDD. For the normal UL/DL subframe in TDD, the sPDCCH/sPDSCH/sPUCCH/sPUSCH design in FDD for slot-based sTTI can be reused for TDD and no special considerations are needed. But there is at least one special subframe in a TDD radio frame. The design for 1-slot sTTI in a special subframe may need more considerations. There are 11 configurations in special subframe including the new special subframe configuration in UL capacity enhancement, and the OFDM symbols used for DL transmission vary from 3 to 12. Considering there are 7 symbols in a 1-slot sTTI, three types special subframe as illustrated in Figure-1 are considered:
Type-1:  the number of OFDM symbols in DwPTS is larger than 7 (configuration 1/2/3/4/6/7/8) and only SRS/PRACH transmission on UpPTS.
Type-2:  the number of OFDM symbols in DwPTS is smaller than 7 (configuration 0/5/9) and only SRS/PRACH transmission on UpPTS.

Type-3: DwPTS:GP:UpPTS = 6:2:6 and SRS/PRACH/sPUSCH can be transmitted on UpPTS.
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Figure-1: Three types special subframe
For Type-1, at least two options can be considered.

· Option 1: a special subframe is split into a normal DL slot sTTI and an X-OS sTTI, X={2,3,4,5}. In this option, many specification efforts may be considered. For example, how to schedule the X-OS sTTI? Considering the X varies from 2~5, the scheduling may depend on the number of available OFDM symbols for transmission.  Another thing is the DMRS design on the X-OS sTTI. In the current LTE, the DMRS pattern in DwPTS is different from that of normal DL subframe. 
· Option 2:  always treat DwPTS as a single sTTI regardless of the length of DwPTS. In this option, little specification effort is needed. And for the DL HARQ timing design as discussed bellow, it can be treated in a same way as Type 2. However, it should be noted that when the DwPTS is longer than 1-slot, the minimum processing time for this longer sTTI maybe longer. To maintain the minimum processing time close to slot TTI, TBS restriction may be considered for DwPTS. But as discussed below, the DL data in DwPTS to HARQ-ACK timing is always larger than the defined minimum processing time (see the number in Table-A1 with red colour). Therefore, such a TBS restriction may be unnecessary.
For Type-2 and Type 3, there is at most one DL slot sTTI. Therefore, from the DL point of view, there is no difference for the three types of special subframe. But from UL, for the 6-OS UpPTS, we think we should first discuss whether HARQ-ACK can be transmitted on UpPTS. In the WI of UL capacity enhancement, there is no HARQ-ACK transmission on UpPTS. This is mainly because the DL HARQ timing design is not changed due to the introduction of PUSCH transmission on UpPTS. But for the 1-slot sTTI, the DL HARQ timing needs to be redesigned. In this case, HARQ-ACK transmission on UpPTS should also be taken into account to off load the HARQ-ACK, and better HARQ-ACK performance is expected. Therefore, we prefer to support HARQ-ACK transmission on UpPTS for special subframe configuration 10.
Proposal-1:  Two options can be considered for the special subframe when the number of OFDM symbol for DwPTS is larger than 7.

· Option 1: a special subframe is split into a normal DL slot sTTI and an X-OS sTTI, X = {2,3,4,5}
· Option 2: Always treat DwPTS as single sTTI regardless of the length of DwPTS.

Proposal-2: HARQ-ACK transmission on UpPTS for slot sTTI in TDD is supported for special subframe configuration 10.
3 DL HARQ timing design
In the RAN1#85 meeting, processing time reduction was discussed and the following agreements were achieved [2]: 
· 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

Based on the agreements above, we think k=4 is a good starting point for FS2. In the following discussion, the DL data to DL HARQ timing design is based on minimum timing with k=4. And as discussed above, it is proposed to support HARQ-ACK transmission on UpPTS for special subframe configuration 10. Thus, the DL HARQ timing may be special subframe configuration dependent. And for the Type 1 special subframe, the DL HARQ timing may also be different for the two options mentioned above. Therefore, for the DL HARQ timing, we considered the following three cases:

Case 1: Type 1 special subframe with Option 1. In this case, two DL HARQ process are assumed for special subframe and two HARQ-ACKs need to feedback.

Case 2: Type 1 special subframe with Option 2 and Type 2 special subframe. In this case only one DL HARQ process is sent in special subframe and one HARQ-ACK needs to feedback.

Case 3: Type 3. In this case only one DL HARQ process is sent in special subframe and one HARQ-ACK needs to feedback. And there is also an UL slot sTTI in special subframe and is available for HARQ-ACK transmission.

Figure-2 gives an example of DL HARQ timing design for UL/DL configuration #1 for the three cases. The timing design follows the same principle of current LTE, which is load balance with higher priority.
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(a) Case 1: Type 1 with Option 1
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(b) Case 2: Type 1 with Option 1 and Type 2
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(c) Case 3:Type 3
Figure-2: DL HARQ timing for UL/DL configuration 1 
The DL HARQ timeline designs for other UL/DL configurations are provided in Table-A1 in the Annex. Note that the number with red colour corresponds to DwPTS in Case 2. It can find that the number with red colour is always larger than the minimum processing time k=4. That is, the processing time for DwPTS even with larger data symbol than slot sTTI is sufficient when treat DwPTS as a single sTTI. 
4 UL Scheduling timing design
For the UL scheduling timing, sPUSCH transmission on UpPTS should also be taking into account. Considering the three types of special subframe discussed in section 2, Type-1 and Type-2 can be treated in the same way as there is no sPUSCH transmission on UpPTS. And for the UL grant transmission, it is assumed it is always be transmitted on the first slot of DwPTS. No UL grant is transmitted on the X-OS sTTI. Therefore, only two cases are considered. Figure-3 gives an example of the UL scheduling for UL/DL configuration 0 when considering different special subframe configuration. The UL scheduling timeline designs for other UL/DL configurations are provided in Table-A2 in the Annex. Note that for UL/DL configuration 0 and 6, we consider two minimum processing time with k=3 and 4.
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(a) Type 1 and Type 2
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(b) Type 3 with k= 4
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(c) Type 3 with k =3
Figure-3: UL scheduling timing for UL/DL configuration 0 
5 Conclusion

This contribution considers TTI shortening aspects for FS2. In summary, we propose:
Proposal-1:  Two options can be considered for the special subframe when the number of OFDM symbol for DwPTS is larger than 7.

· Option 1: a special subframe is split into a normal DL slot sTTI and an X-OS sTTI, X = {2,3,4,5}
· Option 2: Always treat DwPTS as single sTTI regardless of the length of DwPTS.

Proposal-2: HARQ-ACK transmission on UpPTS for slot sTTI in TDD is supported for special subframe configuration 10.
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Table A2: Uplink scheduling timing for TDD with slot-based TTI
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