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1 Introduction

In RAN1#85 meetings, the conclusions of short TTI length are as follows [1],
Agreement:
· Regarding sTTI length:

· Confirm the working assumption for FS1 FDD

· Take the following agreement for FS2 TDD

· It is recommended to support a design that is based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH for FS2 TDD in Rel-14

· It is recommended to consider enhancements including other shorter sTTI duration(s), and additional DL-UL switching points/ additional subframe types for FS2 TDD latency reduction in Rel-15
And conclusions of processing time reduction are as follows,
· 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

In this contribution, we discussed TDD-specific aspects for short TTI.
2 Structure design of special subframe for 1-slot sTTI
In TDD systems, subframes are configured as downlink, uplink or special subframes, which depend on the UL-DL configuration. To support 1-slot sTTI, each UL or DL subframe can be split into two UL or DL sTTIs with 1-slot duration. 
A special subframe contains DwPTS, GP and UpPTS regions. Since the duration of DwPTS varies with special subframe configuration, the structure of special subframes for sTTI users need to be further discussed. In most of the special subframe configurations, i.e., configurations 1,2,3,4,6,7,8, DwPTS duration exceeds 1-slot duration. Naturally, DwPTS can be split into two sTTI, i.e., a 1-slot sTTI and an X-OS sTTI as shown in figure 1 (a), where X is from 2 to 5 (corresponding DwPTS length from 9 to 12). In special subframe configurations 0 and 5, DwPTS is shorter than 1-slot duration, and thus it may not be able for sTTI excluding PDCCH symbols as shown in figure 1 (b). In special subframe configuration 9, DwPTS is treated as a 1-slot sTTI as shown in figure 1 (c).
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(a) Structure of special subframe in configurations 1,2,3,4,6,7,8
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(b) Structure of special subframe in configurations 0 and 5
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(c) Structure of special subframe in configuration 9
Figure 1: Structure of special subframe in TDD sTTI systems
Observation 1: When DwPTS duration exceeds 1-slot duration, DwPTS can be split into a 1-slot sTTI and an X-OS sTTI.
Generally, two alternatives can be considered for sPDSCH transmission with sTTIs in DwPTS:
· Alt 1: sPDSCH transmissions are supported in both sTTIs of DwPTS.
The advantage is that all the resources in DwPTS can be exploited for DL transmission. However, due to shorter length and fewer resources, the disadvantage is that X-OS sTTIs may not support DL retransmission of the TB initially transmitted in the other 1-slot sTTI due to large TBS.
· Alt 2: sPDSCH transmissions are supported in 1-slot sTTI of DwPTS only.
The advantage is that all sTTIs have same length, which is beneficial for DL retransmission, while the disadvantage is waste of resources.
Proposal 1: sPDSCH transmissions should be supported in both sTTIs of DwPTS when DwPTS exceeds 1-slot duration.
3 HARQ timing of the sTTI
When all the UL and DL TTI are split into two corresponding sTTI as described in section 2, there are long consecutive DL and special sTTIs in UL-DL configuration 3/4/5, which is adverse for low latency HARQ feedback.

Observation 2: UL-DL configurations 0/1/2/6 are more suitable than configuration 3/4/5 to support 1-slot sTTI low latency HARQ feedback in FS2.
Therefore, HARQ timing needs to be redesigned separately for each TDD UL-DL configuration with 5 ms switching point periodicity and special subframe configuration. We take UL-DL configuration 1 with n+5 processing time as an example to explain the principles in HARQ timing design. With the same principle, the HARQ timing in the other cases can be designed in the way.
With n+5 processing time, the DL HARQ timing is shown in figure 2. 
Observation 3: The X-OS sTTIs may have a huge HARQ latency because there are consecutive DL and special sTTIs. 
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Figure 2: HARQ timing for TDD sTTI systems with n+5 processing time
This n+5 processing time may lead to a huge HARQ latency for the X-OS sTTIs. To alleviate this situation, a reduced DL HARQ processing time for X-OS sTTI can be supposed due to the shorter TTI length than a 1-slot sTTI. Therefore, a proposed HARQ timing is shown in figure 3 and Table 1.
Proposal 2: The processing time of X-OS sTTI DL HARQ timing can be shorter than that of 1-slot sTTI.
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Figure 3: Proposed HARQ timing with kmin=4 processing time for X-OS sTTI
Table 1. Proposed HARQ timing, kmin=5 for 1-slot sTTI and kmin=4 for X-OS sTTI
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	cfg.0
	
	
	
	
	-
	5
	5
	5
	5
	-
	
	
	
	
	-
	5
	5
	5
	5
	-

	cfg.1
	
	
	
	
	6,5
	5
	5
	5,4
	
	
	
	
	
	
	6,5
	5
	5
	5,4
	
	

	cfg.2
	
	
	
	
	13,12,11,8
	8,7,6,5
	
	
	
	
	
	
	
	
	13,12,11,8
	8,7,6,5
	
	
	
	

	cfg.6
	
	
	
	
	11
	7
	7
	7
	7
	7
	
	
	
	
	11
	5
	5
	5
	
	


4 DCI for sTTI scheduling in special subframe

Considering the position of sDCI for X-OS TTI, there are three options as shown in Figure 4.
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(a) Self-contained sDCI X-OS sTTI                     (b) sDCI for X-OS sTTI in PDCCH
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(c) Multiple sTTIs scheduling by one DCI
Figure 4: Different options of DCI positions and sTTI scheduling in special subframe

· Opt 1: Self-contained sDCI for X-OS sTTI
The DCIs are carried on the beginning of each sTTI respectively, which is beneficial for flexible scheduling. However, in this option, UE has a higher complexity as it has to finish sDCI detection and sPDSCH decoding in a short time to support fast feedback as discussed in section 3. 
· Opt 2: sDCIs for X-OS sTTI in legacy PDCCH
The DCIs of X-OS sTTIs are carried on the legacy PDCCH. This option is beneficial for supporting fast HARQ feedback, because DCIs can be detected before receiving the X-OS sTTI. Moreover, this option can also leave more resources for sPDSCH transmission in X-OS sTTI.
· Opt 3: Multiple sTTIs scheduling by one DCI
1-slot sTTI and its subsequent X-OS sTTI can be scheduled by one DCI, which is also beneficial for supporting fast HARQ feedback. However, in this option, the flexibility of scheduling is sacrificed. 
Therefore, we have following proposal:
Proposal 3: The DCIs of X-OS sTTI in DwPTS are carried on the legacy PDCCH.

5 UL scheduling timing for sTTI
When all the UL and DL TTI are split into two corresponding sTTI, the UL scheduling timing, i.e., the time relation between UL grant and sPUSCH transmission, also needs to be redesigned separately for each TDD UL-DL configuration. 
For a certain TDD UL-DL configuration, when a UE detects a sPDCCH with UL grant in sTTI n, it will transmit sPUSCH in subframe n+k, where the value of k are given in Table 2. When k has more than one values, e.g. k1 and k2, the UE transmits sPUSCH in sTTI n+ k1 and/or n+ k2, depending on DCI indication.
Table 2. Proposed UL scheduling timing, kmin=4
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	cfg.0
	4,5
	5,6
	6,7
	
	
	
	
	
	
	
	4,5
	5,6
	6,7
	
	
	
	
	
	
	-

	cfg.1
	5
	5
	5
	
	
	
	
	
	-
	5
	5
	5
	5
	
	
	
	
	
	-
	5

	cfg.2
	4
	4
	-
	
	
	
	-
	-
	-
	-
	4
	4
	-
	
	
	
	-
	-
	-
	-

	cfg.6
	6
	6
	6,7
	
	
	
	
	
	
	
	4
	4
	4,5
	
	
	
	
	
	6
	6


Proposal 4:  The UL scheduling timing design for sTTI is recommended to apply the UL corresponding set described in Table 2.

6 Conclusion
In this contribution, we discussed TDD-specific aspects for short TTI. Followings are our observations and proposals:
Observation 1: When DwPTS duration exceeds 1-slot duration, DwPTS can be split into a 1-slot sTTI and an X-OS sTTI.
Observation 2: UL-DL configurations 0/1/2/6 are more suitable than configuration 3/4/5 to support 1-slot sTTI low latency HARQ feedback in FS2.
Observation 3: The X-OS sTTIs may have a huge HARQ latency because there are consecutive DL and special sTTIs. 

Proposal 1: sPDSCH transmissions should be supported in both sTTIs of DwPTS when DwPTS exceeds 1-slot duration.

Proposal 2: The processing time of X-OS sTTI DL HARQ timing can be shorter than that of 1-slot sTTI.

Proposal 3: The DCIs of X-OS sTTI in DwPTS are carried on the legacy PDCCH.

Proposal 4:  The UL scheduling timing design for sTTI is recommended to apply the UL corresponding set described in Table 2.
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