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1 Introduction

In the last RAN1 #90bis meeting, many agreements were made for the TDD-specific design for sTTI which including as following:

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.

And the UL and DL HARQ timing were also agreed for some UL/DL configurations. But there are still some remaining issues needed to be discussed. This contribution considers remaining details on FS2 aspects, mainly focusing on the UL/DL HARQ timing designs.
2 UL grant timing 
In the [90b-LTE-14] email discussion, the timing between UL grant and sPUSCH is still under discussion. In Table 1and Table 2, we present our preference on different SSC configurations. 
Note, the motivation for such design for UL/DL configuration 0 in SSC 1,2,3,4,6,7,8 is that we prefer to schedule less UL grant in the X-symbol sTTI considering the limited resources in it. As for UL/DL configuration 6 in SSC 10, we prefer a more balanced scheduling opportunities in all available DL subframes. 

Table 1: For SSC 1,2,3,4,6,7,8, the following pre-defined table is used for the timing between UL grant and sPUSCH. In the following table describing k, sPUSCH is transmitted in slot n+k, where the corresponding UL grant is received in slot n.
Table 1 Timing between UL grant and sPUSCH for SSC 1,2,3,4,6,7,8
	TDD UL/DL
	slot number n

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

	0
	4
	4,5
	5,6
	6
	
	
	
	
	
	
	4
	4,5
	5,6
	6
	
	
	
	
	
	

	1
	4
	4
	4
	4　
	　
	　
	　
	　
	　
	
	4
	4
	4
	4　
	　
	　
	　
	　
	
	

	2
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　

	3
	6
	6
	6
	6　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	
	6
	6

	4
	4
	4
	4
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	5
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	6
	6
	6
	6
	6　
	　
	　
	　
	　
	　
	　
	4
	4
	4
	4　
	　
	　
	　
	　
	6　
	6　



Table 2: For SSC 0, 5, 9, 10, the following pre-defined table is used for the timing between UL grant and sPUSCH. In the following table describing k, sPUSCH is transmitted in slot n+k, where the corresponding UL grant is received in slot n. The timing of SSC 10 is highlighted by red.
Table 2 Timing between UL grant and sPUSCH for SSC 0, 5, 9, 10
	TDD UL/DL
	slot number n

	Configuration
	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　


Since the UL HARQ timing is different from that of 1ms TTI, the number of HARQ process for slot-TTI should also be defined. Table 3 lists the maximum number of UL HARQ processes for slot-TTI in FS2. Note that the number of HARQ  processes vary in different special subframe configurations.
 Table 3  Maximum number of UL HARQ processes for slot-TTI in FS2
	UL/DL

Configuration
	special subframe configuration

	
	0-9
	10

	0
	7
	9

	1
	4
	5

	2
	2
	3

	3
	6
	7

	4
	4
	5

	5
	2
	3

	6
	6
	8


3 DL HARQ timing 
Before the DL HARQ timing design, we should first discuss whether sPDSCH can be transmitted on the second slot of special subframe with X-OS in SSC 1/2/6/7. Considering that 2/3-OS sPDSCH has already supported in FDD, same design can be reused for the X-OS in SSC 1/2/6/7 without more standard efforts. So, we prefer to also support sPDSCH on X-OS in SSC 1/2/6/7.

When defining the timing tables between sPDSCH and HARQ-ACK, there are three approaches discussed as below in [1].
· Approach 1. Define a unified table for SSC 0-10. 
· Approach 2. Define a unified table for SSC 0-9 and also define a table for SSC 10.
· Approach 3. Define four tables: one for SSC [1,2,6,7],3,4,8, one for SSC [1,2,6,7],9, one for SSC 0,5, and one for SSC 10.
We slightly preferred Approach 3 to have a clear design for HARQ-ACK feedback. That is, define four tables (Table 4~7): one for SSC 1,2,3,4,6,7,8, one for SSC 0,5, one for SSC 9 and one for SSC 10.

Table 4: DL association set for for SSC 1,2,3,4,6,7,8
	TDD UL/DL
	slot number n

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

	6
	
	
	
	
	6
	6
	6
	6
	6
	6
	
	
	
	
	4
	4
	4
	4
	
	


Table 5: DL association set for for SSC 0,5
	TDD UL/DL
	slot number n

	Conf.
	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
	
	
	
	

	1
	
	
	
	
	6
	6
	6
	6
	　
	　
	　
	　
	　
	　
	6　
	6
	6
	6
	
	

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

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

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

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

	6
	
	
	
	
	6
	6
	6
	6
	6
	
	
	
	
	
	4
	4
	4
	
	
	


Table 6: DL association set for for SSC 9
	TDD UL/DL
	slot number n

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

	6
	
	
	
	
	6
	6
	6
	6
	6
	
	
	
	
	
	4
	4
	4
	
	
	


 Table 7: DL association set for For SSC 10
	TDD UL/DL
	slot number n

	Conf.
	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
	
	
	


Since the DL HARQ timing is different from that of 1ms TTI, the number of HARQ process for slot-TTI should also be defined. Table 8 lists the maximum number of DL HARQ processes for slot-TTI in FS2. Note that the number of HARQ  processes vary in different special subframe configurations. In some UL/DL configurations and SSC, the maximum number of HARQ processes may exceed 16. That is, the bit number for HPN may increase accordingly.

Table 8 Maximum number of DL HARQ processes for slot-sTTI in FS2
	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	SSC 1,2,3,4,6,7,8
	4

	
	SSC 0,5
	2

	
	SSC 9
	3

	
	SSC 10
	3

	1
	SSC 1,2,3,4,6,7,8
	6

	
	SSC 0,5
	4

	
	SSC 9
	5

	
	SSC 10
	5

	2
	SSC 1,2,3,4,6,7,8
	12

	
	SSC 0,5
	8

	
	SSC 9
	10

	
	SSC 10
	10

	3
	SSC 1,2,3,4,6,7,8
	14

	
	SSC 0,5
	12

	
	SSC 9
	13

	
	SSC 10
	13

	4
	SSC 1,2,3,4,6,7,8
	16

	
	SSC 0,5
	14

	
	SSC 9
	15

	
	SSC 10
	15

	5
	SSC 1,2,3,4,6,7,8
	22

	
	SSC 0,5
	20

	
	SSC 9
	21

	
	SSC 10
	19

	6
	SSC 1,2,3,4,6,7,8
	6

	
	SSC 0,5
	4

	
	SSC 9
	5

	
	SSC 10
	5


4 Conclusion
This contribution discusses some remaining issues on FS2 aspects . In summary, we propose:

Proposal 1: sPDSCH transmission is supported in the second slot of special subframe configuration 1/2/6/7.
Proposal 2: Adapt Table 1~2 and Table 4~7 as the UL and DL HARQ timing for slot-based sTTI in FS2.

Proposal 3: Adapt Table 3 and Table 8 as the maximum number of UL and DL HARQ process for slot-based sTTI in FS2.

5 Reference

[1] R1-1720236, Summary of [90b-LTE-14] Email approval on remaining issues for 1 ms + FS2 (sTTI and 1 ms) + FS3, Samsung.
1

