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1. Introduction

In RAN#72, following work item was approved for shortened TTI and processing time for LTE [1]. 
	 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 this contribution, we discuss some details on TTI shortening aspects for FS2 based on 1-slot sTTI.
2. Downlink HARQ timing
In TDD system, a special subframe (SSF) consists of three parts; DwPTS, GP, and UpPTS. To support 1-slot sTTI in TDD system, legacy DL and UL subframe can be divided into 2 DL and 2 UL 1-slot sTTIs, respectively. On the other hand, depending on SSF configuration, the length of DwPTS in SSF can be varied from 3 to 12 symbols which can be shorter or longer than 1-slot (7-OS) sTTI. Fig. 1 shows the sTTI in SSF, when DwPTS length is longer than 7-OS (D: DwPTS, G: GP, U: UpPTS). The length of DwPTS in second slot of SSF (X) is 2~5 depending on SSF configuration.

[image: image1]
Figure 1. 7-OS sTTI in SSF (SSF configurations 1, 2, 3, 4, 6, 7, and 8)

For FS2, DL HARQ timing depending on SSF configuration and the corresponding sTTI structure needs to be addressed. In determining DL HARQ timing, we should consider whether 2nd sTTI can have independent sPDSCH or it is always scheduled jointly with 1st sTTI in SSF. In terms of HARQ table construction, it can be considered that the order of elements for DL association set follows the legacy rule (i.e., place HARQ-ACK of SSF at the last position as in Table 10.1.3.1-1 in TS 36.213).
1) DwPTS symbol length <= 7-OS (SSF configurations 0, 5, 9, and 10)
Fig.2 shows an example of DL HARQ timing of UL/DL configuration 2 when DwPTS symbol length is shorter than 7-OS.


[image: image2]
Figure 2. 7-OS sTTI DL HARQ timing for TDD UL/DL configuration 2 (DwPTS symbol length <= 7-OS)
Table 1 shows the DL HARQ timing according to UL/DL configuration based on the rule following legacy table (e.g., load balancing and treat special subframe differently). In this table, 2nd sTTI of SSF would not be mapped to any uplink as there will be no PDSCH transmission in case DwPTS length is smaller than or equal to 1 slot. 
	UL/DL 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
	
	
	
	
	6,5
	5
	5
	5
	
	
	
	
	
	
	6,5
	5
	5
	5
	
	

	2
	
	
	
	
	8,7,6,12

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

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

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

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

	6
	
	
	
	
	6
	6
	6
	6
	6
	
	
	
	
	
	4
	4
	4
	
	
	


Table 1. Downlink association set [image: image3.wmf]K
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 for 7-OS sTTI (DwPTS symbol length <= 7-OS)
2) DwPTS symbol length > 7-OS (SSF configurations 1, 2, 3, 4, 6, 7, and 8)
In this case, two options to transmit HARQ-ACK of sPDSCH in SSF are considered as follows:
· Option 1: Transmit separate HARQ-ACKs of first slot sTTI (7-OS) and second slot sTTI (X-OS) respectively in DwPTS, which means that two DL sTTI are scheduled independently.

· E.g., SSF configurations 3, 4, and 8
· Option 2: Transmit a single HARQ-ACK of DwPTS, which means that only one sPDSCH is scheduled over DwPTS. In this case, HARQ-ACK is assumed to be mapped to 2nd slot instead of 1st slot for UE processing time.

· E.g., SSF configurations 1, 2, 6, and 7

For DwPTS in SSF, DMRS pattern should be addressed. Given the time unit for this WI, it would be desirable to reuse DMRS pattern of legacy 1ms TTI. For SSF configurations 3, 4, and 8, since DMRS REs are mapped on the third and fourth symbols in each slot, independent scheduling for the first slot and second slot (not all symbols for the second slot) can be considered as two sTTIs separately. On the other hand, since all DMRS REs are located on the symbols within the first slot for SSF configurations 1, 2, 6, and 7, a single sPDSCH scheduling seems sufficient for DwPTS. Fig.3 shows an example of DL HARQ timing of UL/DL configuration 2 when DwPTS symbol length is longer than 7-OS.


[image: image5]
Figure 3. 7-OS sTTI DL HARQ timing for TDD UL/DL configuration 2 (DwPTS symbol length > 7-OS)
Table 2 shows the DL HARQ timing according to UL/DL configuration for DwPTS > 7 OS case. Considering expected specification efforts and given time units, we slightly prefer option 2 as a unified solution for DwPTS > 7 OS cases.
	UL/DL 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
	
	
	
	
	8,7,12,11
	7,6,5,4
	
	
	
	
	
	
	
	
	8,7,12,11
	7,6,5,4
	
	
	
	

	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
	
	
	
	
	18,17,16,15,14,13,12,22,21
	12,11,10,9,8,7,6,5,4
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	6
	6
	6
	6
	6
	6
	
	
	
	
	4
	4
	4
	4
	
	


<Option 1>

	UL/DL 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
	
	
	
	
	6,5
	5
	5
	4
	
	
	
	
	
	
	6,5
	5
	5
	4
	
	

	2
	
	
	
	
	8,7,6,11
	6,5,4
	
	
	
	
	
	
	
	
	8,7,6,11
	6,5,4
	
	
	
	

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

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

	5
	
	
	
	
	18,17,16,15,14,13,12,11,21
	11,10,9,8,7,6,5,4
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	6
	6
	6
	6
	5
	
	
	
	
	
	4
	4
	
	4
	
	


<Option 2>

Table 2. Downlink association set [image: image6.wmf]K
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 for 7-OS sTTI (DwPTS symbol length > 7-OS)
Proposal 1: New DL HARQ timing table for 7-OS TTI (Table1 and 2) needs to be defined depending on DwPTS length. 
Proposal 2: When DwPTS length is longer than 7-OS, there are two options to transmit HARQ-ACK of sPDSCH in SSF.
· Option 1: Transmit separate HARQ-ACKs of first slot sTTI (7-OS) and second slot sTTI (X-OS) respectively in DwPTS.

· Option 2: Transmit a single HARQ-ACK of a single sTTI in DwPTS. (slightly preferred)
3. UL scheduling timing
For UL transmission in LTE, when UL grant is transmitted via DL subframe n, the corresponding PUSCH is transmitted in subframe n+k. In legacy 1ms TTI, the value of k is given in Table 8-2 in 3GPP TS 36.213. This UL scheduling timing should be also addressed for 1-slot sTTI. Similar to the design of the DL HARQ-timing table, minimum processing time is preferred for n+4. For SSF configurations 0-9, considering that there is 1 or 2 symbol(s) in UpPTS, the benefit seems unclear to support sPUSCH/sPUCCH transmission at the expense of much specification efforts. For SSF configuration 10, PUSCH transmission in UpPTS is already supported in rel-14 LTE, and thus sPUSCH transmission in UpPTS can be also supported. On the other hand, we do not see a strong motivation to introduce sPUCCH transmission in UpPTS. If sPUCCH in UpPTS is to be supported, various aspects such as UCI transmission/piggybacking are also needed to be addressed. 
Similar to the design of the DL HARQ-timing table, Table 3 & Table 4 show the UL scheduling timing when DwPTS symbol length is shorter or longer than 7-OS, respectively. On the other hand, Table 5 shows the UL scheduling timing according to UL/DL configuration based on the load balancing approach including SSF configuration 10 (defined in Rel-14) for which PUSCH transmission in UpPTS in SSF is possible.
	UL/DL 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
	
	
	
	
	
	
	
	4,5
	5,6
	6,7
	
	
	
	
	
	
	

	1
	5
	5
	5
	
	
	
	
	
	
	5
	5
	5
	5
	
	
	
	
	
	
	5

	2
	4
	4
	
	
	
	
	
	
	
	
	4
	4
	
	
	
	
	
	
	
	

	3
	7
	7
	7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	7
	7
	7

	4
	5
	5
	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	5

	5
	4
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	6
	6
	6,7
	
	
	
	
	
	
	
	4
	4
	4,5
	
	
	
	
	
	6
	6


Table 3. Uplink scheduling timing for 7-OS sTTI TDD (DwPTS symbol length <= 7-OS)
	UL/DL 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
	4,5
	5,6
	
	
	
	
	
	
	4
	4
	4,5
	5,6
	
	
	
	
	
	

	1
	4
	4
	4
	4
	
	
	
	
	
	
	4
	4
	4
	4
	
	
	
	
	5
	5

	2
	4
	4
	
	
	
	
	
	
	
	
	4
	4
	
	
	
	
	
	
	
	

	3
	6
	6
	6
	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	6

	4
	4
	4
	4
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	4
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	4

	6
	6
	6
	6
	6
	
	
	
	
	
	
	4
	4
	4
	4
	
	
	
	
	6
	6


Table 4. Uplink scheduling timing for 7-OS sTTI TDD (DwPTS symbol length > 7-OS)
	UL/DL 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

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


Table 5. Uplink scheduling timing for 7-OS sTTI TDD (including SSF configuration 10)
Proposal 3: New UL scheduling timing table should be considered for 1-slot sTTI (Table 3, 4, and 5).
4. Conclusions

In this contribution, we discussed 7-OS sTTI DL HARQ timing and UL scheduling timing for FS2. Based on the above discussions, our proposals are given as follows:

Proposal 1: New DL HARQ timing table for 7-OS TTI (Table1 and 2) needs to be defined depending on DwPTS length. 

Proposal 2: When DwPTS length is longer than 7-OS, there are two options to transmit HARQ-ACK of sPDSCH in SSF.

· Option 1: Transmit separate HARQ-ACKs of first slot sTTI (7-OS) and second slot sTTI (X-OS) respectively in DwPTS.

· Option 2: Transmit a single HARQ-ACK of a single sTTI in DwPTS. (slightly preferred)
Proposal 3: New UL scheduling timing table should be considered for 1-slot sTTI (Table 3, 4, and 5).
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