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1 Introduction

In the new WI on Short TTI and reduced processing [1] the (selected) objectives are set to be:

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

In RAN1#90, the following agreements were made:
· 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.

· 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.

· The X-symbol sTTI is scheduled independently.

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

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

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

· The timing between sPDSCH to HARQ-ACK and UL grant to sPUSCH are determined by pre-defined table.
In this contribution, we discuss the design of the tables for DL HARQ timing and UL scheduling timing with slot-based TTI transmission in FS2.   
2 Discussion
2.1 DL HARQ timing

Note that the DL HARQ timing tables proposed in this paper are different from the ones presented in the email discussion document. The proposed new HARQ timing tables are designed such that the HARQ feedback carried on one UL sTTI are related to multiple consecutive DL sTTI transmissions. Therefore, the new tables give better average latency performance, and they are more suitable to the HARQ bundling case, where multiple consecutive DL sTTI transmissions are scheduled to a single UE.
2.1.1 sPDSCH in DwPTS
In RAN1#90, it was agreed that sPDSCH is supported in the second slot of DwPTS for special subframe configuration (SSC) 3, 4, 8 and FFS for SSC 1, 2, 6, 7. The number of symbol in the second slot of the DwPTS for SSC 1, 2, 6 and 7 are 2, 3, 2, and 3, respectively. Considering that supporting sPDSCH in SSC 1, 2, 6, and 7 can improve the DL throughput, and that the DL HARQ timing table will be specified for SSC 3 , 4, and 8 anyway, we propose to support sPDSCH transmission for SSC 1, 2, 6, and 7 as well. The same design of 2/3-symbol sPDSCH in FS1 can be reused for FS2. 
Proposal 1: Support sPDSCH transmission in the second slot of DwPTS if the DwPTS length is longer than one slot.
2.1.2 sPUCCH in UpPTS for SSC 10
For SSC 10, the sPUSCH transmission is supported in UpPTS, and sPUCCH transmission is FFS. sPUCCH in UpPTS can be used for carrying HARQ-ACK for sPDSCH transmission. This can not only offload HARQ payloads from certain UL sTTIs but also reduce the DL HARQ timing latency for TDD DL/UL configurations 1-6. 

For example, consider TDD DL/UL configuration 2, without supporting sPUCCH in UpPTS, UL sTTI 4 and sTTI 14 must carry HARQ-ACK from 4 DL sTTIs (as shown in Figure 1). If sPUCCH in UpPTS is supported, the HARQ-ACK payloads can be redistributed over all UL sTTIs including the UpPTS. Then, as shown in Figure 2, the UL sTTI 4 and sTTI 14 only needs to carry HARQ-ACK from 2 DL sTTIs, and the UpPTS in UL sTTI 3 and sTTI 13 will carry HARQ-ACK from 3 DL sTTIs. Moreover, the HARQ timing for DL sTTIs 2, 6, 7, and 12 is reduced by 1 sTTI.
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Figure 1 DL HARQ timing for TDD DL/UL configuration 2 with SSC 10, no sPUCCH in UpPTS
[image: image2.emf]load balancing

sTTI Index 0 1 2 3 4 5 6 7 8 910 111213141516171819 0 1 2 3 4 5

D D D U U U D D D D D D D U U U D D D D D D D U U U

HARQ timing, k 5 411 7 6 6 5 5 411 7 6 6 5

association set

6, 

7, 

11

5, 

6,

4, 

5

6, 

7, 

11

5, 

6,

4, 

5


Figure 2 DL HARQ timing for TDD DL/UL configuration 2 with SSC 10, support sPUCCH in UpPTS
For SSC 10, UpPTS consists of 6 os in case of no SRS transmission, the formats for 7-os sPUCCH can be reused for 6-os sPUCCH with a slight modification. In case of SRS transmission colliding with sPUCCH transmission in UpPTS, sPUCCH transmission should be prioritized.

Proposal 2: Support sPUCCH transmission in the UpPTS for SCC 10.

Proposal 3: For SSC 10, sPUCCH transmission in UpPTS should be prioritized if it collides with the SRS transmission.
2.1.3 DL HARQ timing table for SSCs 0-9 
Depending on special subframe configuration, there can be one or two sPDSCH in a special subframe. To simplify the design, it is preferable that a unified table can be used for all SSC except for SSC 10. This can be achieved by two ways:
Option 1: First design the table for the SSCs that have 1 sPDSCH in DwPTS. Then, add the timing for the SSCs that have 2 sPDSCH in DwPTS.
· Pros: keep the load balancing performance for all the SSCs with 1 sPDSCH in DwPTS.

· Cons: May result in an unbalanced HARQ payload distribution for the SSCs with 2 sPDSCH in DwPTS. For example, for TDD DL/UL configuration 2, as shown in Table 1.

Option 2: Design the table based on the SCCs that have 2 sPDSCH in DwPTS. The same timing table is used for the SCCs that have only 1 sPDSCH in DwPTS.

· Pros: 

· keep the load balancing performance for all the SCCs with 2 sPDSCH in DwPTS. 

· May reduce the DL HARQ timing for some DL sTTI transmissions. For example, for TDD DL/UL configurations 1 and 3, as shown in Table 1.
· Cons: 

· May result in an unbalanced HARQ payload distribution for the SCCs with 1 sPDSCH in DwPTS. For example, for TDD DL/UL configurations 1 and 3, as shown in Table 1.
· May increase the DL HARQ timing for some DL sTTI transmission for the SCCs with 1 sPDSCH in DwPTS. For example, for TDD DL/UL configuration 2, as shown in Table 1.

Table 1 Down link association set index
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 for TDD with sTTI for SSCs 0-9 by using Option 1 and Option 2. The red numbers correspond to the sPDSCH transmitted in the second slot of DwPTS.
	TDD DL/UL Configuration
	Slot (TTI) Index n

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

	0 (option 1&2)
	
	
	
	
	4
	4
	4
	4
	
	
	
	
	
	
	4
	4
	4
	4
	
	

	1 (option 1)
	
	
	
	
	5, 6
	5
	5
	5, 4
	
	
	
	
	
	
	5, 6
	5
	5
	 5, 4
	
	

	1 (option 2)
	
	
	
	
	5, 6
	4, 5
	4
	4
	
	
	
	
	
	
	5, 6
	4, 5
	4
	4
	
	

	2 (option 1)
	
	
	
	
	6, 7, 8, 11, 12
	4, 5, 6 
	
	
	
	
	
	
	
	
	6, 7, 8, 11, 12
	4, 5, 6
	
	
	
	

	2 (option 2)
	
	
	
	
	7, 8, 11, 12
	4, 5, 6, 7
	
	
	
	
	
	
	
	
	7, 8, 11, 12
	4,5,6, 7
	
	
	
	

	3 (option 1)
	
	
	
	
	12, 13,14
	11, 12
	10, 11
	9, 10 
	8, 9
	6, 7, 8
	
	
	
	
	
	
	
	
	
	

	3 (option 2)
	
	
	
	
	12, 13, 14
	10, 11, 12
	9, 10
	8, 9
	7, 8
	6, 7
	
	
	
	
	
	
	
	
	
	

	4 (option 1&2)
	
	
	
	
	13, 14, 15, 16
	10, 11, 12, 13
	7, 8, 9, 10
	4, 5, 6, 7
	
	
	
	
	
	
	
	
	
	
	
	

	5 (option 1&2)
	
	
	
	
	12, 13,14,15, 16, 17, 18, 21, 22
	4, 5, 6, 7, 8, 9, 10, 11, 12
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6 (option 1&2)
	
	
	
	
	6
	6
	6
	6
	 6
	6
	
	
	
	
	4
	4
	4
	4
	
	


Based on the above analysis, we propose to use option 2 for TDD DL/UL configuration 3, and option 2 for TDD DL/UL configuration 1 and 2. For the rest of the TDD DL/UL configurations, option 1 and option 2 give the same timing solution.  Table 2 gives the proposed unified DL HARQ timing table for all SSCs 0-9.
 Table 2 Proposed DL association set index
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 for TDD with sTTI for SSCs 0-9. The red numbers correspond to the sPDSCH transmitted in the second slot of DwPTS.
	TDD DL/UL Configuration
	Slot (TTI) Index n

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

	2
	
	
	
	
	7, 8, 11, 12
	4, 5, 6, 7
	
	
	
	
	
	
	
	
	7, 8, 11, 12
	4,5,6, 7
	
	
	
	

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

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

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

	6
	
	
	
	
	6
	6
	6
	6
	 6
	6
	
	
	
	
	4
	4
	4
	4
	
	


Proposal 4: Use Table 2 as the DL HARQ timing table for FS2 with sTTI for all SSCs 0 – 9 (The order of the numbers is FFS).
Observation 1 For TDD DL/UL configuration 5, at least 3 bits are needed for the DAI field to enable proper HARQ bundling.

2.1.4 DL HARQ timing table for SSC 10 

With supporting sPUCCH on UpPTS, the proposed DL HARQ timing table for SSC 10 is given in Table 3 below.

Table 3 Proposed DL association set index
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 for TDD with sTTI for SSC 10

	TDD DL/UL Configuration
	Slot (TTI) Index n

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

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

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

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

	6
	
	
	
	5
	5
	5
	5
	5
	 
	
	
	
	
	
	4
	4
	4
	
	
	


Proposal 5: Use Table 3 as the DL HARQ timing table for FS2 with sTTI for SSC 10 (The order of the numbers is FFS).
2.2 UL scheduling timing

2.2.1 sDCI in X-symbol sTTI

Considering that sDCI transmittion in X-symbol sTTI can help balance the uplink grants over different UL sTTIs, and it can also reduce the UL scheduling timing delay for certain UL sTTI transmissions, we proposed to support sDCI in X-symbol sTTI.
Proposal 6: Support sDCI transmission in the second slot of DwPTS if the length of DwPTS is longer than one slot.

2.2.2 UL scheduling timing for SSCs with X-symbol TTI in DwPTS

Table 4 gives the UL scheduling timing table for SSCs with X-symbol TTI in DwPTS, that is, the DwPTS length is longer than one slot. The timing table is designed based on a load balanced approach.
Table 4 UL scheduling timing for SSCs with DwPTS length longer than one slot. 
	TDD DL/UL Configuration
	Slot (TTI) Index n

	
	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　
	　
	　
	　
	　
	
	

	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　


For TDD UL/DL configuration 0 and 6, “x+y” is defined as: if UI is “10”, then schedule sTTI n+x; if UI is “01”, then schedule sTTI n+y; if UI is “11”, then schedule both sTTI n+x and n+y. “x+y+z” is defined as: if UI is “10”, then schedule sTTI n+x; if UI is “01”, then schedule sTTI n+y; if UI is “00”, then schedule sTTI n+z; if UI is "11, then schedule sTTIs n+x and n+y and n+z.

Proposal 7: Use Table 4 as the UL scheduling timing table for FS2 with sTTI for all SSCs with DwPTS length longer than one slot.

2.2.3 UL scheduling timing for SSCs without X-symbol TTI in DwPTS

Table 5 gives the UL scheduling timing table for SSCs without X-symbol TTI in DwPTS, that is, the DwPTS length is no longer than one slot. The timing table is designed based on a load balanced approach.
Table 5 UL scheduling timing for SSCs with DwPTS length no longer than one slot. The red numbers are for SSC 10.
	TDD DL/UL Configuration
	Slot (TTI) Index n

	
	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
	4+5　
	5+6
	6+7+11
	　
	　
	　
	　
	　
	　
	　
	4+5
	4+5
	4+5
	　
	　
	　
	　
	　
	　
	4　


Proposal 8: Use Table 5 as the UL scheduling timing table for FS2 with sTTI for all SSCs with DwPTS length no longer than one slot.

3 Conclusion

In section 2 we made the following observations:
Observation 1
For TDD DL/UL configuration 5, at least 3 bits are needed for the DAI field to enable proper HARQ bundling.

Based on the observations we propose the following:
Proposal 1: Support sPDSCH transmission in the second slot of DwPTS if the DwPTS length is longer than one slot.
Proposal 2: Support sPUCCH transmission in the UpPTS for SCC 10.
Proposal 3: For SSC 10, sPUCCH transmission in UpPTS should be prioritized if it collides with the SRS transmission.
Proposal 4: Use Table 2 as the DL HARQ timing table for FS2 with sTTI for all SSCs 0 – 9 (The order of the numbers is FFS).
Proposal 5: Use Table 3 as the DL HARQ timing table for FS2 with sTTI for SSC 10 (The order of the numbers is FFS).
Proposal 6: Support sDCI transmission in the second slot of DwPTS if the length of DwPTS is longer than one slot.
Proposal 7: Use Table 4 as the UL scheduling timing table for FS2 with sTTI for all SSCs with DwPTS length longer than one slot.
Proposal 8: Use Table 5 as the UL scheduling timing table for FS2 with sTTI for all SSCs with DwPTS length no longer than one slot.
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