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[bookmark: _Ref124589705][bookmark: _Ref129681862]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)

In the RAN1#88 meeting, sTTI scheduling timing was discussed and the following agreement was achieved [2]:
At least for single sTTI scheduling:
· The sDCI scheduling sPDSCH transmission in sTTI N is transmitted in sTTI N

[bookmark: _Ref129681832]In the RAN1#85 meeting, processing time reduction was discussed and the following agreements were achieved [3]: 
· 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 sTTI design, including sTTI structure in special subframe, DL HARQ timing for sTTI, UL scheduling timing for sTTI and sDCI for sTTI scheduling in special subframe.
sTTI structure in special subframe 
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 the three fields DwPTS, GP and UpPTS. Since the duration of DwPTS varies with special subframe configuration, the sTTI structure in special subframe needs to be discussed. For 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). For special subframe configurations 0 and 5, DwPTS is much shorter than 1-slot duration, and thus it may not be able for sTTI excluding PDCCH symbols as shown in Figure 1 (b). For special subframe configuration 9 and 10, DwPTS can be treated as a 1-slot sTTI as shown in Figure 1(c).
[image: ]
(a) sTTI structure in special subframe with configurations 1,2,3,4,6,7,8
[image: ]
(b) sTTI structure in special subframe with configurations 0 and 5


(c) sTTI Structure in special subframe with configuration 9 and 10
[bookmark: _Ref450662795][bookmark: _Ref447102743][bookmark: _Toc439324330][bookmark: _Ref450662778]Figure 1. sTTI structure in special subframe. 
Observation 1: When DwPTS duration exceeds 1-slot duration, DwPTS can be split into a 1-slot sTTI and an X-OS sTTI.
Since it would result in waste of resource if sPDSCH transmissions are only supported in 1-slot sTTI of DwPTS, especially when the number of DL symbols in the X-OS sTTI is large e.g. 5, it can be considered to support sPDSCH transmission in the X-OS sTTI, if not much specification work would be needed based on the work for 1-slot TTI length.
Proposal 1: Support sPDSCH transmissions in both sTTIs of DwPTS when DwPTS exceeds 1-slot duration.
DL HARQ for sTTI
DL HARQ timing
DL HARQ timing for SSF configuration 0~9
HARQ timing needs to be redesigned considering different TDD UL-DL configurations and special subframe configurations. Here we assume that the X-OS sTTI would support sPDSCH transmission. We take UL-DL configuration 2 with n+4 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.
With n+4 as the minimum processing time, the DL HARQ timing for UL-DL configuration 2 is shown in Figure 2. 
Observation 2: HARQ latency for X-OS sTTI is high for some UL-DL configurations when a fixed minimum processing time is assumed for both 1-slot TTI and X-OS sTTI. 
[image: ]
[bookmark: _Ref471813691]Figure 2. DL HARQ timing for 1-slot sTTI for UL-DL configuration 2
This n+4 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 (e.g., kmin=2 for 2/3-OS sTTI, which is supported in FS1) can be assumed due to the shorter TTI length than a 1-slot sTTI as shown in Figure 3. With similar principle, examples of the DL HARQ timing of all UL-DL configurations for SSF configuration 0 to 9 are shown in Table 1.
Proposal 2: Shorter minimum processing time for X-OS sTTI than that for 1-slot sTTI can be assumed for DL HARQ timing design.
[image: ]
[bookmark: _Ref471813784]Figure 3. An example of DL HARQ timing for 1-slot sTTI for UL-DL configuration 2 assuming n+2 as the minimum processing time for X-OS sTTI. 
[bookmark: _Ref471813956]Table 1. Proposed HARQ timing, kmin=4 for 1-slot sTTI and kmin=2 for X-OS sTTI
	TDD
configuration
	sTTI index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	
	
	
	
	4
	4
	4
	4
	
	-
	
	
	
	
	4
	4
	4
	4
	
	-

	1
	
	
	
	
	6,5
	5,4
	4
	4
	
	
	
	
	
	
	6,5
	5,4
	4
	4
	
	

	2
	
	
	
	
	12,8,
7,6
	6,5,
4,2
	
	
	
	
	
	
	
	
	12,8,
7,6
	6,5,
4,2
	
	
	
	

	3
	
	
	
	
	14,13, 12
	12,11,10
	10,9
	9,8
	8,7
	7,6
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	16,15, 14,13
	13,12,
11,10
	10,9,
8,7
	7,6,
5,4
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	22,18,17,
16,15,14,
13,12,11
	11,10,9,
8,7,6,
5,4,2
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	6
	6
	6
	6
	6
	6
	
	
	
	
	4
	4
	4
	4
	
	



DL HARQ timing for SSF configuration 10
In legacy LTE, special subframe configuration 10 was specified to support PUSCH in UpPTS. Therefore, it would be straightforward to also support sPUSCH in UpPTS for sTTI operation. As shortened PUCCH has been supported in sTTI operation, sPUCCH in UpPTS for special subframe configuration 10 should also be supported, where the 1-slot sPUCCH can be re-used as there are 6 symbols in UpPTS. Then, the DL HARQ timing of all UL-DL configurations for SSF configuration 10 are shown in Table 2.
[bookmark: _Ref490054631][bookmark: _Ref490054623]Table 2. Proposed HARQ timing for SSF configuration 10, kmin=4 
	TDD
configuration
	sTTI index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	
	
	
	
	4
	4
	4
	
	
	
	
	
	
	
	4
	4
	4
	
	
	

	1
	
	
	
	5
	5
	5
	5
	5
	
	
	
	
	
	5
	5
	5
	5
	5
	
	

	2
	
	
	
	11,7,6
	6,5
	5,4
	
	
	
	
	
	
	
	11,7,6
	6,5
	5,4
	
	
	
	

	3
	
	
	
	13,12
	12,11
	11,
10
	10,9
	9,8
	8,7
	7
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	15,14,
13
	13, 12,11
	11,
10,9
	9,8,7
	7,6,5
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	21,17,
16,15,
14,13,
	13,12,11,10,9,8
	8,7,6,5,4
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	5
	5
	5
	5
	5
	
	
	
	
	
	
	4
	4
	4
	
	
	



Proposal 3: Both sPUSCH and sPUCCH in UpPTS for special subframe configuration 10 should be supported.
DL HARQ process number
HARQ process number is decided based on RTT which includes processing time of UE and processing time of eNB. Table 3 gives an example of DL transmission for TDD sTTI systems with UL/DL configuration 2 and SSF configuration 4, assuming minimum n+2 processing time for X-OS sTTI and n+4 processing time for 1-slot sTTI. It can be seen that the maximum number of HARQ processes should be 11 for this case. With similar way, the maximum numbers of HARQ processes of the other cases are shown in Table 4.
[bookmark: _Ref471843196]Table 3. HARQ pattern for UL/DL configuration 2
[image: ]
[image: ][image: ]DL transmission of process n               ACK/NACK of process n

[bookmark: _Ref471843109][bookmark: _Ref471843106]Table 4. Maximum number of HARQ processes for FS2
	UL/DL configuration
	sPDSCH in X-OS
(kmin=2/4 for X-OS sTTI)
	No sPDSCH in X-OS

	0
	4/4
	3

	1
	6/6
	5

	2
	11 / 12
	10

	3
	14/14
	13

	4
	16/16
	15

	5
	21 / 22
	20

	6
	6/6
	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 consider different TDD UL-DL configurations. Since the sDCI can not always be transmitted in the second slot in special subframe, we assume that UL grant won’t be transmitted in that slot for simplicity.
For a certain TDD UL-DL configuration, when a UE detects an sPDCCH with UL grant in sTTI n, it will transmit sPUSCH in subframe n+k, where the value of k are given in Table 5 and Table 6. When k has more than one value, e.g. k1 and k2, the UE transmits sPUSCH in sTTI n+ k1 and/or n+ k2, depending on DCI indication.
[bookmark: _Ref471813970]Table 5. Proposed UL scheduling timing for TDD configuration 0~5, kmin=4
	TDD
configuration
	sTTI index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	4,5
	5,6
	6,7,11
	
	
	
	
	
	
	
	4,5
	5,6
	6,7,11
	
	
	
	
	
	
	

	1
	5
	5
	5
	
	
	
	
	
	5
	5
	5
	5
	5
	
	
	
	
	
	5
	5

	2
	4
	4
	-
	
	
	
	
	
	
	4
	4
	4
	-
	
	
	
	
	
	
	4

	3
	7
	7
	7
	
	
	
	
	
	
	
	
	
	
	
	
	
	7
	7
	7
	7

	4
	5
	5
	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	5
	5

	5
	4
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	4


Notes: the red number in Table 5 denote k for PUSCH on UpPTS with special subframe configuration 10.
[bookmark: _Ref489984240]Table 6. Proposed UL scheduling timing for TDD configuration 6, kmin=4
	SSF
configuration
	sTTI index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0~9
	6
	6
	6,7
	
	
	
	
	
	
	
	4
	4
	4,5
	
	
	
	
	
	6
	6

	10
	5,6
	6,7
	7,11
	
	
	
	
	
	
	
	4
	4
	4,5
	
	
	
	
	
	5
	5


Notes: the red number in Table 6 denote k for PUSCH on UpPTS with special subframe configuration 10.
sDCI for sTTI scheduling in special subframe
As to the position of sDCI for X-OS TTI, there are three options as shown in Figure 4.
[image: ]               [image: ]
(a) Individual sDCI for X-OS sTTI in sTTI region       (b) Joint sDCI for two sTTIs in PDCCH region
[bookmark: _Ref471842592][bookmark: _Ref471842588]Figure 4. Different options of sDCI positions and sTTI scheduling in special subframe. 
· Option 1: sDCI for X-OS sTTI transmitted in the X-OS sTTI region
The sDCIs are carried at the beginning of each sTTI respectively, which is beneficial for flexible scheduling. 
· Option 2: Joint sDCI for 1-slot sTTI and X-OS sTTI transmitted in PDCCH region
1-slot sTTI and its subsequent X-OS sTTI can be scheduled by one sDCI, 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 4: The sDCIs for X-OS sTTI in DwPTS are carried in the X-OS sTTI region.
Conclusion
In this contribution, we discussed TDD-specific aspects for sTTI design, including sTTI structure in special subframe, DL HARQ timing for sTTI, UL scheduling timing for sTTI and sDCI for sTTI scheduling in special subframe. Based on the above discussion, we have the following observations and proposals:
[bookmark: _GoBack][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]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: HARQ latency for X-OS sTTI is high for some UL-DL configurations when a fixed minimum processing time is assumed for both 1-slot TTI and X-OS sTTI. 
Proposal 1: Support sPDSCH transmissions in both sTTIs of DwPTS when DwPTS exceeds 1-slot duration.
Proposal 2: Shorter minimum processing time for X-OS sTTI than that for 1-slot sTTI can be assumed for DL HARQ timing design.
Proposal 3: Both sPUSCH and sPUCCH in UpPTS for special subframe configuration 10 should be supported.
Proposal 4: The sDCIs for X-OS sTTI in DwPTS are carried in the X-OS sTTI region.
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