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1 Introduction
The DL HARQ-ACK timing from PDSCH to HARQ-ACK for a minimum timing of n+3 has been defined in RAN1#88 bis for 1ms TTI in FS2 UL/DL configuration 0 to 5, 
Agreement:
· For 1ms TTI in FS2 and for TDD UL/DL configurations 0-5, the DL HARQ-ACK timing from PDSCH to HARQ-ACK for a minimum timing of n+3 is defined as follows:

	UL-DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	-
	3
	3
	-
	-
	-
	3
	3

	1
	-
	-
	6, 3
	3
	-
	-
	-
	6, 3
	3
	-

	2
	-
	-
	7, 6, 4, 3
	-
	-
	-
	-
	7, 6, 4, 3
	-
	-

	3
	-
	-
	7, 6, 5
	5, 4
	4, 3
	-
	-
	-
	-
	-

	4
	-
	-
	11, 8, 7, 6
	6, 5, 4, 3
	-
	-
	-
	-
	-
	-

	5
	-
	-
	12, 9, 8, 7, 5, 4, 3, 11, 6
	-
	-
	-
	-
	-
	-
	-


· FFS: The order of the numbers in the table

Agreement:
· For 1ms TTI in FS2 and for TDD UL/DL configuration 6, the DL HARQ-ACK timing from PDSCH to HARQ-ACK for a minimum timing of n+3 is down-selected among the below alternatives. 

	UL-DL
Configuration 6
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Option 1
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-

	Option 2
	-
	-
	3,6
	3
	3
	-
	-
	-
	3
	-


· FFS the order of the numbers in the table

Moreover, the UL scheduling timing for TDD config.1-5 with a minimum timing of n+3 has been agreed in RAN1#88. And for TDD config.0 and 6, further down selection is needed.

Agreement:
· For 1ms TTI in FS2, the scheduling timing for UL grant to PUSCH for a minimum timing of n+3 is down-selected among the below alternatives. 

For TDD UL/DL configuration 0 and special subframe configuration (SSC) 0-10
	TDD UL/DL
configuration 0
	Subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Option 1
	3/4
	3/6
	
	
	
	3/4
	3/6
	
	
	

	Option 2
	3/4
	5/6
	
	
	
	3/4
	5/6
	
	
	

	Option 3
	3/6
	3/6
	
	
	
	3/6
	3/6
	
	
	

	Option 4
	3/4
	5/6
	
	
	
	3/4
	5/6
	
	
	

	Option 5
	3/6
	3/6
	
	
	
	3/6
	3/6
	
	
	


· Alt 1: option 1 for SSC 0-9 and option 2 for SSC 10

· Alt 2: option 1 for SSC 0-9 and option 3 for SSC 10

· Alt 3: option 4 for SSC 0-10

Note: The timings highlighted in red are only applicable to special subframe configuration 10

· Alt 4: option 5 for SSC 0-10

Note: The timings highlighted in red are only applicable to special subframe configuration 10
For TDD UL/DL configuration 6 and special subframe configuration (SSC) 0-10

	TDD UL/DL
configuration 6
	Subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Option 1
	4
	6
	
	
	
	3
	6
	
	
	4

	Option 2
	3/6
	3/6
	
	
	
	3
	5
	
	
	3

	Option 3
	3/4
	5/6
	
	
	
	3
	5
	
	
	3

	Option 4
	3/4
	5/6
	
	
	
	3/6
	5/6
	
	
	3/4

	Option 5
	4
	5/6
	
	
	
	3
	5/6
	
	
	4

	Option 6
	3/6
	3/6
	
	
	
	3
	5
	
	
	3


· Alt 1: option 1 for SSC 0-9 and option 2 for SSC 10

· Alt 2: option 1 for SSC 0-9 and option 3 for SSC 10

· Alt 3: option 4 for SSC 0-10

Note: The timings highlighted in red are only applicable to special subframe configuration 10

· Alt 4: option 5 for SSC 0-10

Note: The timings highlighted in red are only applicable to special subframe configuration 10

· Alt 5: option 6 for SSC 0-10

Note: The timings highlighted in red are only applicable to special subframe configuration 10

In this contribution, we continue discussing the remaining issues for 1ms TTI HARQ timings for FS2.
2 New DL HARQ and UL scheduling timing for FS2
2.1 Downlink HARQ timing
In legacy 1ms TTI operation, the eNB transmits PDSCH in subframe (n-k) and UE feeds back HARQ-ACK in subframe n. For FS1, the value of k is fixed to 4, while for FS2, the value of k depends on the uplink-downlink configuration and the subframe number n. To determine the k value, some pre-defined tables can be used. For reduced processing time, the DL HARQ timing table should be determined for different UL-DL configurations as shown in Figure 1 to harvest the scheduling flexibility and HARQ time reduction benefits. 
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Figure 1: legacy FS2 uplink-downlink configurations
For kmin = 3, we propose that the HARQ-ACK transmitted in subframe n is associated with the PDSCH transmission in the subframe (n-k) as indicated by the following Table 1. Compared with option 2, the coverage of PUCCH for option 1 is better, since the feedback are averaged on every uplink subframe.
Table 1: Downlink association set index
[image: image2.wmf]K

: 
[image: image3.wmf]{

}

011

,,

M

kkk

-

L

 for FS2, kmin=3
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-


Proposal 1: The DL HARQ-ACK timing from the PDSCH transmission to the HARQ-ACK for TDD UL/DL configuration 6 is determined by Table 1.
2.2 UL scheduling timing
The timing for UL grant to PUSCH for FS2 UL/DL configuration 1 to 5 has been agreed. In this sub-section, we continue to discuss the timing for FS2 UL/DL configuration 0 and 6.
For TDD UL-DL configuration 0, a unified scheduling timing for both special subframe configuration 0~9 and 10 is preferred. Therefore, alt 3 and 4 can be considered, where option 4 or option 5 is used. Comparing with option 4, option 5 has less latency with special subframe configurations 0~9. Hence, option 5 is preferred.
For TDD UL-DL configuration 6, considering the scheduling flexibility, alt 1 is preferred where option 1 is used for special subframe configurations 0~9 and option 2 for SSP 10.

Therefore, Table 2 is proposed for UL scheduling timing.
Table 2: k for FS2 configurations 0 and 6 kmin=3
	FS2 UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	3,6
	3,6
	
	
	
	3,6
	3,6
	
	
	

	6 with ssf cfg 0~9
	4
	6
	
	
	
	3
	6
	
	
	4

	6 with ssf cfg 10
	3,6
	3,6
	
	
	
	3
	5
	
	
	3


Notes: the blue number in Table 2 denote k for PUSCH on UpPTS with special subframe configuration 10.

Proposal 2: The UL scheduling timing from UL grant to PUSCH for TDD UL/DL configuration 0 and 6 are determined by Table 2.

3 Conclusions

In this contribution, we further discuss the processing time reduction and new HARQ scheduling timing for FS2. From the discussion, we have the following conclusions: 

Proposal 1: The DL HARQ-ACK timing from the PDSCH transmission to the HARQ-ACK for TDD UL/DL configuration 6 is determined by Table 1.
Proposal 2: The UL scheduling timing from UL grant to PUSCH for TDD UL/DL configuration 0 and 6 are determined by Table 2.
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