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1	Introduction
So far, it is agreed that:
Agreement:
For a carrier configured with shortened processing time, DL HARQ-ACK timing from PDSCH to HARQ-ACK, bit ordering, and PUCCH resource are determined by using the table below:

	TDD UL/DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	(6)
	3
	(4),3
	-
	-
	(6)
	3
	(4),3

	1
	-
	-
	(7), 6, 3
	(4),3
	-
	-
	-
	(7), 6, 3
	(4),3
	-

	2
	-
	-
	(8), 7, 4, 6, 3
	-
	-
	-
	-
	(8), 7, 4, 6, 3
	-
	-

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

	4
	-
	-
	(12), 8, 7, 11, 6
	6, 5, 4, (7), 3
	-
	-
	-
	-
	-
	-

	5
	-
	-
	(13), 12, 9, 8, 7, 5, 4, 11, 6, 3
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	(7), 6
	(7), 4
	(5), 4
	-
	-
	(7), 6
	(7), 3
	-



Notes: 
· DL subframes only for UEs not configured with shortened processing time are in parentheses
· DL subframes only for UEs configured with shortened processing time are highlighted in red.
· DL subframes highlighted in green are common for both above UE types
· A UE configured with shortened processing time should take into account: 
· DL subframes for UEs with applying either processing time (numbers highlighted in green), and DL subframes only for UEs configured with shortened processing time (numbers highlighted in red) in order to determine HARQ-ACK codebook for a certain UL subframe 
Additionally, the UE should also consider DL subframes only for UEs not configured with shortened processing time (the ones in parentheses) in order to reserve PUCCH resource. I.e. implicit resource allocation is applied, without an additional RRC configured starting position

In this paper, we provide some design details related to the DAI design for FS1 and FS2, and UL channel interleaver.
2	DAI for FS1 and FS2 with Shortened Processing Timeline
Similar to the legacy TDD, for the operation under FS1 with shortened processing timing, the DAI counter should be run in frequency-first time-second manner as shown in Table 1 below:
Table 1: DAI for FS1 with 1ms TTI and shortened processing timing.
	
	n-4
	n-3
	n-2
	n-1
	n

	CC1, n+4
	DAI = 0
	
	
	
	

	CC2, n+3
	
	DAI = 2
	
	
	

	CC3, n+3
	
	DAI = 3
	
	
	

	CC4, n+4
	DAI = 1
	
	
	
	

	Total DAI
	1
	3
	
	
	



Proposal 1: The DAI counter is increased first over the scheduled n+4 CCs and then the scheduled n+3 CCs for which the HARQ feedback is mapped to the same UL subframe. The total DAI is increased over time to capture the fact that n+3 carriers can be scheduled after the n+4 carriers.   

The other issue is related to defining an association set for determining the DAI under FS2 with shortened processing timeline. In this case, two DL association sets can be used, where one set is associated with the n+4 timing, and the second set is associated with the n+3 timing. Then, both the counter DAI and the total DAI will be increased in the frequency-first time-second manner over the DL subframes that belong to the union of both timings and expect the UL feedback in the same subframe.
Proposal 2: For FS2 with shortened processing timing, two DL association sets can be used, where one set is associated with the n+4 timing, and the second set is associated with the n+3 timing. Then, both the counter DAI and the total DAI will be increased in the frequency-first time-second manner over the DL subframes that belong to the union of both timings and expect the UL feedback in the same subframe.

[bookmark: p3][bookmark: b]3	UL Channel Interleaver 
Currently, for the legacy UL transmission, the mapping of the data symbols to the available resources is in the time-first frequency-second manner. Hence, one CB can be sent across multiple symbols. Although changing the mapping rule to the frequency-first time-second manner may seem to be helpful in term of reducing the decoding delay at the eNB, it makes the TB less protected against the bursty interference. In particular, with such a mapping, it is likely that a strong bursty interference can significantly impact one or multiple CBs entirely, which could lead to unsuccessful decoding of the TB. This, in turn, increases the overall latency since re-transmission is required.


Proposal 3: For the 1ms TTI with shortened processing timing, the UL channel interleaver reuses the legacy mechanism.
4	Conclusions 
Proposal 1: The DAI counter is increased first over the scheduled n+4 CCs and then the scheduled n+3 CCs for which the HARQ feedback is mapped to the same UL subframe. The total DAI is increased over time to capture the fact that n+3 carriers can be scheduled after the n+4 carriers.   

Proposal 2: For FS2 with shortened processing timing, two DL association sets can be used, where one set is associated with the n+4 timing, and the second set is associated with the n+3 timing. Then, both the counter DAI and the total DAI will be increased in the frequency-first time-second manner over the DL subframes that belong to the union of both timings and expect the UL feedback in the same subframe.
Proposal 3: For 1ms TTI with shortened processing timing, the UL channel interleaver reuses the legacy mechanism.
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