
3GPP TSG RAN WG1 Meeting #88bis

R1-1704508
Spokane, USA 3rd - 7th April 2017
Source:
CATT
Title:
HARQ and scheduling timing design for LTE processing timing reduction with 1ms TTI
Agenda Item:
7.2.1.1.2
Document for:
Discussion and Decision
1 Introduction
In RAN1#88 meeting, the HARQ and scheduling timing for 1ms TTI were discussed in latency reduction. The following agreements were made[1]:
· For 1ms TTI in FS2, the scheduling timing for UL grant to PUSCH for a minimum timing of n+3 is defined as follows:

· For TDD configuration 1-5
	TDD UL/DL configuration 
	Subframe number n 

	
	0 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 

	1 
	3 
	5 
	
	
	3 
	3 
	5 
	
	
	3 

	2 
	
	
	
	3 
	3 
	
	
	
	3 
	3 

	3 
	3 
	3 
	
	
	
	
	
	
	3 
	3 

	4 
	3 
	
	
	
	
	
	
	
	3 
	3 

	5 
	
	
	
	
	
	
	
	
	3 
	3 


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

· FFS on TDD configuration 0 and 6

· 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 mainly discuss issues about the HARQ and scheduling timing design for LTE processing timing reduction with 1ms TTI. 
2 Discussion
Downlink  HARQ  timing design 
As in current LTE, implicit timing is defined for FDD and for each UL-DL configuration in TDD, timing for DL data to DL HARQ is shown in table 1. The new timing for LTE processing timing reduction with 1ms TTI can be defined based on the current principle. Table 2 shows the DL HARQ timing example for each UL-DL configuration in TDD, assuming the minimum timing between PDSCH and HARQ-ACK feedback is reduced from 4ms to 3ms. 
Table 1: Downlink association set [image: image1.wmf]K
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 for TDD in current LTE

	UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

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

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

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Table 2: Downlink association set index
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 for TDD with minimum k=3
	UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	-
	3
	3
	-
	-
	-
	3
	3

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

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

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

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

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

	6
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-


Proposal 1: The Downlink HARQ  timing could be defined as Table 2.
Uplink scheduling timing design

For uplink scheduling time, the timing design of UL/DL configuration 0 and 6 should be further considered. To compare the given option, the latency calculation for UL subframe is considered.
The given options for SSC 10 are no difference from the latency aspects. For the timing with SSC 0-9, the option 1 and option 5 could reach a shorter latency. So Alt 1, Alt 2 and Alt 4 could be considered for UL/DL configuration 0. 

Based on the same calculation of latency among the given options with UL/DL configuration 6, the Alt 1, Alt 2 and Alt 3 can reach the same latency.
Proposal 2: Alt 1, Alt 2 and Alt 4 could be considered for configuration 0. Alt 1, Alt 2 and Alt 3 could be considered for configuration 6.
New HARQ Timing Management
For CA or DC scenario, whether the processing time in different carriers can be different should be considered. In our opinion, firstly, the TA value in different carriers may be different such as in remote radio head scenario, and secondly, some CCs may belong to the eNBs which do not configure or support the new processing time. Hence, it should be allowed to configure shortened processing time per carrier.
Proposal 3: The shortened processing time should be configured per carrier.
3 Conclusion
In this contribution, we discuss the HARQ and scheduling timing design for LTE processing timing reduction with 1ms TTI. The above discussion is summarized with the following observations and proposal:
Proposal 1: The Downlink HARQ timing could be defined as Table 2.
Proposal 2: Alt 1, Alt 2 and Alt 4 could be considered for configuration 0. Alt 1,Alt 2 and Alt 3 could be considered for configuration 6.
Proposal 3: The shortened processing time should be configured per carrier.
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