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1 Introduction
In the email discussion after RAN1#87 meeting [1], it was agreed that

Agreement
· For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4 by the search space, i.e.  DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.
· For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared
· FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI
· FFS: UE behaviour in case of n+3 and n+4 collision
· Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing
In the email discussion after RAN1#90bis meeting, it was 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 contribution, we will further discuss remaining details on shortened processing time for 1ms TTI.
2 Dynamic HARQ-ACK codebook determination
One remaining issue for n+3 1ms TTI is the counting of DAI, i.e., how to modify the DAI mechanism for FS1 for dynamic HARQ-ACK codebook determination. There are three options as below
· Option1: The DAI counter is increased over the scheduled n+4 carriers and the scheduled n+3 carriers for which HARQ feedback is expected in the same UL subframe. The total DAI is increased over time to capture the fact that n+3 carriers can be scheduled after n+4 carriers.
· Option 2: The DAI counter is increased over cell index as legacy behavior, which is the counter DAI increased over cell index. Only difference is that, for a given cell index, the HARQ-ACK bit for the cell with the index is for PDSCH corresponding to 
· PDCCH detected in USS in subframe n-3 or corresponding to PDCCH detected in CSS in subframe n-4, if the cell is configured with shortened processing time,
· or PDCCH/EPDCCH detected in subframe n-4, if the cell is not configured with shortened processing time
· Option 3: The total and counter DAI setting for scheduled n+3 carriers is independent of the DAI setting for n+4 carriers for which HARQ feedback is expected in the same UL subframe.

Since a certain UE receives PDSCH with n+4 and n+3 timing at subframe n-4 and n-3 respectively, and needs to response HARQ-ACK in subframe n, an accumulated procedure is necessary, thus, option 1 or 2 should be adopted.
Proposal 1: One single DAI is used for both n+3 carriers and n+4 carriers.
Moreover, there is another issue in FS2: Since in the legacy DAI mechanism, the counter DAI and total DAI are increased over time and carrier dimension and assumes with a single DL association set, then how to extend this mechanism into the case that both of PDSCH with n+4 and n+3 timing are existed should be resolved. There are two options as follow,
· Option 1: One DL association set is used based on the table in introduction above.
· Option 2: Two DL association sets are used, the n+4 DL association set and the n+3 association set.
For simplicity, we prefer option 1 and agree that all cells configured with n+4 timing and configured with n+3 timing use the table in introduction.
Proposal 2: One DL association set is used for PDSCH with n+4 and n+3 timing.
3 Handling of overlapping of USS and CSS

It was agreed that processing time of n+4 is configured in CSS and processing time of n+3 is configured in UESS. If a PDCCH is one of overlapped PDCCH candidates, UE will be confused about how to interpret it. Considering CSS with only AL=4 and AL=8, the CSS resource are more limited, and the priority of CSS can be higher.

Proposal 3: Processing time of n+4 is assumed for overlapped PDCCH candidates between USS and CSS.
4 Conclusions

In this contribution, we further discuss collisions between n+4 and n+3 for FS2 and give the following proposals. 

Proposal 1: One single DAI is used for both n+3 carriers and n+4 carriers.
Proposal 2: One DL association set is used for PDSCH with n+4 and n+3 timing.

Proposal 3: Processing time of n+4 is assumed for overlapped PDCCH candidates between USS and CSS.
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