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1. Introduction

In RAN1#90, agreements of short TTI length are made as following [1],
In RAN1 90b, further agreements for TDD sTTI have been achieved[2],

In this contribution, sPDSCH transmissions in DwPTS are discussed and the pre-define table for the timing between sPDSCH to HARQ-ACK with kmin=4 linearly downscaled TTI length are provided.
2. sPDSCH transmission in DwPTS
According to the agreements, different special subframe configurations will result in different number of sTTIs that can be used for sPDSCH transmssion. For example, as shown in figure.1, no sPDSCH will be transmitted in the first slot of DwPTS for special subframe configuration of 0 and 5, since the number of downlink OFDM symbols is smaller than 4. 
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Figure.1 sTTI partition for different special subframe configuration
For special subframe configurations 1, 2, 6, and 7, DwPTS is split into a 1-slot sTTI and an X-symbol sTTI, where X is the number of symbols of DwPTS in the second slot and with X values from 2~4. However, there is no legacy PDCCH in the X-symbol sTTI and also no PSS transmission, therefore all the X symbols can be used for sPDCCH and sPDSCH transmission. To make fully usage of resources and improve the throughput of sTTI UEs, it is necessary to support sPDSCH transmission on special subframe configurations 1, 2, 6, and 7.
Proposal 1: DMRS-based and CRS-based sPDSCH are also supported in the second slot of the DwPTS for SSC 1, 2, 6 and 7.
3. TDD downlink HARQ timing design for sTTI

Design separate tables for different SSCs can make a smaller RTT delay for some SSCs. Take TDD UL/DL config.2 as an example, separate predefined HARQ timing table for SSC 9 according to the design principle in [3] makes a RTT time 7.143ms, smaller than the 7.5ms for SSC 1, 2, 3, 4, 6, 7 and 8. 
On the other hand, a common table for 0~9 can simplify the specification and implementation, considering that the RTT gap is not obvious between SSC9 and 1, 2, 3, 4, 6, 7, 8. But for SSC10, since additional PUCCH can be transmitted in the UpPTS part, the RTT value of SSC10 with separate table can reach 6.43ms, the delay gain is larger than 1ms. So separate time table is required for SSC10.
In the following, predefined table for SSC 0~9 and 10 are given for different TDD UL/DL configurations, the minimum processing delay is supposed to be 4 sTTI. The UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS release (defined in 3GPP 36.213 subclause 9.2) within sTTI(s) [image: image2.wmf]k
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 is defined as following table 1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL sTTI n.
Proposal 2: the predefined DL HARQ timing relationship that described in Table1 is proposed for TDD sTTI.
Table 1. Downlink association set [image: image5.wmf]K
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 for TDD sTTI,  kmin=4
	TDD UL/DL configuration
	Special subframe configuration
	sTTI n
	sTTI n

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

	0
	0~9
	　
	　
	　
	　
	4
	4
	4
	4
	　
	　
	　
	　
	　
	　
	4
	4
	4
	4
	　
	　

	
	10
	
	
	
	
	4
	4
	4
	
	
	
	
	
	　
	
	4
	4
	4
	
	
	

	1
	0~9
	　
	　
	　
	　
	6,5
	5,4
	4
	4
	　
	　
	　
	　
	　
	　
	6,5
	5,4
	4
	4
	　
	　

	
	10
	　
	　
	　
	5
	5
	5
	5
	5
	　
	　
	　
	　
	　
	5
	5
	5
	5
	5
	　
	　

	2
	0~9
	　
	　
	　
	　
	12,11,8,7
	7,6,5,4
	　
	　
	　
	　
	　
	　
	　
	　
	12,11,8,7
	7,6,5,4
	　
	　
	　
	　

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

	3
	0~9
	　
	　
	　
	　
	14,13,12
	12,11,10
	10,9
	9,8
	8,7
	7,6
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

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

	4
	0~9
	　
	　
	　
	　
	16,15,14,13
	13,12,11,10
	10,9,8,7
	7,6,5,4
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

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

	5
	0~9
	　
	　
	　
	　
	22,21,18,17,16,15,14,13,12
	12,11,10,9,8,7,6,5,4
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

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

	6
	0~9
	　
	　
	　
	　
	6
	6
	6
	6
	6
	6
	　
	　
	　
	　
	4
	4
	4
	4
	　
	　

	
	10
	　
	　
	　
	5
	5
	5
	5
	5
	　
	　
	　
	　
	　
	　
	4
	4
	4
	　
	　
	　


And the maximum number of can be determined  based on the HARQ time design accordingly, as shown in table 2. The value is derived from above SSC0~9 timing, when SSC10 is configured, the maximum number of DL HARQ processes is smaller, 3,5,9,13,15,19,5 for TDD UL/DL configuration0~6, respectively.
Table 2. Maximum number of DL HARQ processes for one slot sTTI of FS2
	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	4

	1
	6

	2
	12

	3
	14

	4
	16

	5
	22

	6
	6


Proposal 3: the maximum number of DL HARQ processes in table 2 for one slot sTTI of FS2 is adopted.
4. Conclusions
In this contribution, sPDSCH transmissions in DwPTS are discussed and the pre-define table for the timing between sPDSCH to HARQ-ACK with kmin=4 is designed. The following proposals are made:
Proposal 1: DMRS-based and CRS-based sPDSCH are supported in the second slot of the DwPTS for SSC 1, 2, 6, and 7.
Proposal 2: the predefined DL HARQ timing relationship that described in Table1 is proposed for TDD sTTI.
· Table 1. Downlink association set [image: image7.wmf]K
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 for TDD sTTI,  kmin=4

	TDD UL/DL configuration
	Special subframe configuration
	sTTI n
	sTTI n

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

	0
	0~9
	　
	　
	　
	　
	4
	4
	4
	4
	　
	　
	　
	　
	　
	　
	4
	4
	4
	4
	　
	　

	
	10
	-
	-
	-
	-
	4
	4
	4
	-
	-
	-
	-
	-
	　
	-
	4
	4
	4
	-
	-
	-

	1
	0~9
	　
	　
	　
	　
	6,5
	5,4
	4
	4
	　
	　
	　
	　
	　
	　
	6,5
	5,4
	4
	4
	　
	　

	
	10
	　
	　
	　
	5
	5
	5
	5
	5
	　
	　
	　
	　
	　
	5
	5
	5
	5
	5
	　
	　

	2
	0~9
	　
	　
	　
	　
	12,11,8,7
	7,6,5,4
	　
	　
	　
	　
	　
	　
	　
	　
	12,11,8,7
	7,6,5,4
	　
	　
	　
	　

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

	3
	0~9
	　
	　
	　
	　
	14,13,12
	12,11,10
	10,9
	9,8
	8,7
	7,6
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

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

	4
	0~9
	　
	　
	　
	　
	16,15,14,13
	13,12,11,10
	10,9,8,7
	7,6,5,4
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

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

	5
	0~9
	　
	　
	　
	　
	22,21,18,17,16,15,14,13,12
	12,11,10,9,8,7,6,5,4
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

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

	6
	0~9
	　
	　
	　
	　
	6
	6
	6
	6
	6
	6
	　
	　
	　
	　
	4
	4
	4
	4
	　
	　

	
	10
	　
	　
	　
	5
	5
	5
	5
	5
	　
	　
	　
	　
	　
	　
	4
	4
	4
	　
	　
	　


Proposal 3: the maximum number of DL HARQ processes in table 2 for one slot sTTI of FS2 is adopted. 
Table 2. Maximum number of DL HARQ processes for one slot sTTI of FS2
	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	4

	1
	6

	2
	12

	3
	14

	4
	16

	5
	22

	6
	6
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Agreement:


For special subframe configurations 1, 2, 3, 4, 6, 7 and 8, DwPTS is split into a 1-slot sTTI and an X-symbol sTTI, where X is the number of symbols of DwPTS in the second slot. The minimum processing time for X-symbol sTTI is the same as 1-slot sTTI.





Agreement:


For special subframe configurations [3, 4, 8], the sPDSCH transmission is supported in the second slot of DwPTS. FFS on configuration 1,2,6,7.





Agreement:


The X-symbol sTTI is scheduled independently.





Agreement:


For special subframe configurations 0~9, the sPUSCH/sPUCCH transmission is not supported in UpPTS.





Agreement:


For special subframe configurations 10, the sPUSCH transmission is supported in UpPTS, and sPUCCH transmission is FFS.





Agreement:


For 1-slot sTTI operation, a single minimum processing time is supported.





Agreement:


The timing between sPDSCH to HARQ-ACK and UL grant to sPUSCH are determined by pre-defined table.





Agreement:


DMRS-based and CRS-based sPDSCH are supported in the first slot of the DwPTS, except for SSC 0 and 5.





Agreeement:


DMRS-based and CRS-based sPDSCH are supported in the second slot of the DwPTS for SSC 3,4,8.





Agreement: 


Support sPUCCH in UpPTS only for SSC 10.





Agreement: 


Support HARQ-ACK on sPUSCH in UpPTS for SSC 10





Agreement:


Transmission of sDCI to schedule sPUSCH is supported in X-symbol sTTI, where the X-symbol sTTI denotes the part of DwPTS in the second slot of a special subframe and X is the number of symbols of DwPTS in the second slot.
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