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1 Introduction
In RAN1#85 meeting [1], processing time reduction and related issues were discussed in latency reduction, and the following items were agreed regarding processing time reduction:
Agreements:
· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;
· Processing time >= the legacy processing time linearly downscaled with TTI length

· 4 <= k <= 8
· FFS whether or not to support processing time is lower than the legacy processing time linearly downscaled with TTI length for at least slot based TTI

· k < 4 for slot based TTI. 

· Note that sTTI refers to 

· sPUSCH sTTI for the UL grant to UL data timing 

· sPDSCH sTTI for the DL data to DL HARQ feedback timing

· FFS how to the handle the minimum timing for the case when DL sTTI and UL sTTI have different lengths

· Further study whether or not the eNB would indicate an additional parameter m (Note: the value may be dependent on the discussion on the max TA), resulting in a timing of n + k + m sTTI

· FFS: semi-static or dynamic configuration of m, if introduced

· The minimum timing for UL grant to UL data and for DL data to DL HARQ is  n + k TTI for subframe-long TTI operation and short TTI capable UEs. 

· k = 4 is supported

· Further study whether a reduced minimum timing is possible, e.g. k = 2, k = 3, and if a reduced maximum TBS is needed to achieve this

· Note: CQI feedback enhancements for short TTI and legacy TTI are not precluded
In this contribution, we mainly discuss the HARQ and scheduling timing design for LTE processing timing reduction with 1ms TTI. 
2 Discussion
For UEs with low latency capability, it has been proposed that the processing timing is also reduced for 1ms TTI [2]. With reduced processing time for 1ms TTI, the current control or RS design can still be used without any specification impact, which means the radio latency can be decreased without increased overhead. However, new HARQ and scheduling timing should be defined.
Observation 1: If LTE processing timing reduction with 1ms TTI is supported, new HARQ and scheduling timing should be defined.
Generally, there are two options can be considered for new HARQ and scheduling timing as below:
· Option 1: Predefined implicit timing
As in current LTE, implicit timing is defined for FDD and for each UL-DL configuration in TDD, which 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 and table 3 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 2ms or 3ms, respectively. Similarly, the timing for UL grant to UL data can also be defined based on the reduced minimum processing time. 
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=2
	UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	2
	2
	-
	-
	-
	2
	2
	-

	1
	-
	-
	3, 2
	2
	-
	-
	-
	3, 2
	2
	-

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

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

	4
	-
	-
	8, 7, 5, 6
	5, 4, 3, 2
	-
	-
	-
	-
	-
	-

	5
	-
	-
	9, 8, 7, 5, 4, 3, 2, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	3
	3
	3
	-
	-
	2
	2
	-


Table 3: 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
	-


With this option, the new timing table should be defined in specification. Furthermore, how to allocate the PUCCH resource should be considered. The PUCCH resource could be either explicit resource or implicit resource. In FDD, due to the HARQ timing is different from the legacy in every subframe, so the legacy implicit PUCCH resource cannot be reused. New implicit or explicit PUCCH resource should be defined to avoid the resource collision between UEs using the legacy and new HARQ timing. 
Similarly, new implicit or explicit PUCCH resource could also be defined for TDD system. One difference from FDD system is that, in TDD there could be two types of DL subframes, i.e. type 1: DL subframes sharing the same HARQ timing with the legacy (e.g. subframes corresponding to red numbers in table 2 and table 3); type 2: DL subframe using different HARQ timing than the legacy (e.g. subframes corresponding to black numbers in table 2 and table 3). For the type 1 subframes, it can be considered to reuse the legacy implicit PUCCH resource to improve the resource utilization. However, such optimization will likely introduce significant efforts, which makes the specification and implementation extremely complicated, especially considering the co-existence of different types of UEs as the following. Therefore, the legacy implicit PUCCH resource should not be reused. 
· Legacy HARQ timing UEs without eIMTA enabled

· Legacy HARQ timing UEs with eIMTA enabled

· New HARQ timing UEs without eIMTA enabled

· New HARQ timing UEs with eIMTA enabled

Observation 2: For LTE processing timing reduction with 1ms TTI, if implicit HARQ timing is adopted, new PUCCH resource for HARQ-ACK feedback should be defined either implicitly or explicitly. 
· Option 2: Dynamic explicit timing
For short TTI, it has been proposed that scheduling or feedback timing is indicated dynamically, e.g., the timing for UL grant to UL data and for DL data to DL HARQ is n + k + m and m is indicated in DCI. Therefore the same solution can be applied to the processing timing reduction with 1ms TTI length, as these UEs should also be short TTI capable, according to the previous agreements. By this way, there is no need to define new implicit HARQ timing table in the specification. Furthermore, in this case, the implicit PUCCH resource allocation is not applicable due to the uncertainty of actual feedback timing, otherwise, significant PUCCH resource waste will happen. Similarly, the UL scheduling timing can also be explicitly indicated in UL grant. 
Observation 3: For LTE processing timing reduction with 1ms TTI, if dynamic explicit HARQ timing is adopted, only explicit PUCCH resource for HARQ-ACK feedback should be considered.  
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 observation and proposal:
Observation 1: If LTE processing timing reduction with 1ms TTI is supported, new HARQ and scheduling timing should be defined.
Observation 2: For LTE processing timing reduction with 1ms TTI, if implicit HARQ timing is adopted, new PUCCH resource for HARQ-ACK feedback should be defined either implicitly or explicitly. 
Observation 3: For LTE processing timing reduction with 1ms TTI, if dynamic explicit HARQ timing is adopted, only explicit PUCCH resource for HARQ-ACK feedback should be considered.  
Proposal 1: UE supporting processing time reduction with 1ms TTI should also support at least one short TTI operation, i.e.2OS level or one slot level.

Proposal 2: Discussion and comparison should be made between implicit HARQ/scheduling timing design or explicit dynamic HARQ/scheduling timing design, for processing time reduction with 1ms TTI.  
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