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1	Introduction
On the remaining details for shortened processing time, as main reference for our discussions in this contribution we would like to refer here to the email discussion in [1]. 
Based on the email discussion, on top of the agreements at RAN1#90bis additional points have been agreed as:
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
 
Agreement:
For shortened processing time with 1ms TTI, the modified DCI formats for n+3 timing are applied only to USS, and the legacy DCI formats 0/4 are applied to CSS.
Agreement:
HARQ-ACK transmission in subframe n can consist of HARQ-ACK bits for PDSCH(s) scheduled with shortened processing timing on some serving cells and HARQ-ACK bits for PDSCH(s) scheduled with legacy processing timing on other serving cells.


Agreement:
For semi-static HARQ-ACK codebook determination in FS1, 
·          HARQ-ACK transmission in subframe n consists of HARQ-ACK bits 
-            for PDSCH(s) transmitted in the serving cell(s) configured with shortened processing time corresponding to PDCCH detected in USS in subframe n-3 or corresponding to PDCCH detected in CSS in subframe n-4,
-            and for PDSCH(s) transmitted in the serving cell(s) not configured with shortened processing time corresponding to PDCCH/EPDCCH detected in subframe n-4.
·          Note: HARQ-ACK bit index is increased over cell index.

Agreement:
For FS1, if a UE detects DCI format 3/3A in subframe n and also detects dedicated UL grant with n+3 timing in subframe n+1, then for PUSCH transmission in subframe n+4, the UE shall use TPC command provided in the dedicated UL grant transmitted in subframe n+1. 
 
Agreement:
When shortened processing time is configured for a UE, the following table is used to determine KPUSCH for power control. 
	TDD UL/DL
Configuration
	subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	6
	6
	3
	3
	-
	6
	6
	3
	3

	1
	-
	5
	3
	3
	-
	-
	5
	3
	3
	-

	2
	-
	3
	3
	-
	-
	-
	3
	3
	-
	-

	3
	-
	3
	3
	3
	3
	-
	-
	-
	-
	-

	4
	-
	3
	3
	3
	-
	-
	-
	-
	-
	-

	5
	-
	3
	3
	-
	-
	-
	-
	-
	-
	-

	6, SSC 0-9 
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-

	6, SSC 10
	-
	5
	3
	3
	4
	-
	5
	6
	3
	-


The highlighted values with red are for special subframe configuration 10.
We focus here on the questions and discussions in [1] and provide our input on the set of open issues there. 

2	Remaining issues on HARQ-Ack mapping for dynamic codebook adaptation for n+4 & n+3 
2.1 Dynamic codebook adaptation for FS1 and FS2 PCell
Dynamic codebook adaptation was introduced for FDD in Rel-13, with the aim of optimizing the amount of HARQ-ACK feedback in the cases when not all the configured CCs are scheduled. This comes at the cost of DL control overhead, since bits need to be added into DCI to support this operation. Furthermore, the UE and the eNodeB need to keep track of the scheduled carriers. Things get further a bit more complicated with different processing timelines. Therefore, we see that a reasonable solution is not to support dynamic HARQ-ACK codebook adaptation with FDD PCell when different CCs have different processing times for 1-ms TTI.
Proposal 1: Dynamic (DAI-based) HARQ-ACK codebook determination is not supported with FS1 when different CCs have different processing times for 1-ms TTI.
With FS2, the amount of HARQ-ACK feedback is larger, but dynamic HARQ-ACK codebook adaptation does not seem absolutely necessary here either. If supported, the simplest option might be as follows:
- cells configured with n+3 timing use the n+3 table and DAIs operate amongst those carriers; 
- cells configured with n+4 timing use the legacy table having separate DAIs operating amongst those carriers 
This means that DAIs of carriers configured with n+3 and n+4 are not mixed. 
Proposal 2: If dynamic (CC-domain DAI-based) HARQ-ACK codebook determination is supported with FS2, DAI operates separately amongst the carriers configured with n+3, and n+4 timing.

2.2 HARQ-Ack payload imbalance for FS2
In [3], the issue of HARQ-Ack load balancing due to the introduction of n+3 and n+4 timing has been discussed. For reference the agreed table is included here:

	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
	-




When looking at the overall structure of the HARQ-Ack, one can see that due to the N+3 assumption the number of HARQ-Ack bits in an UL subframe that might carry n+4 & n+3 HARQ is actually not changing for n+3 to n+4. The number of entries in parenthesis (only for n+4) and the number of entries in red (only for n+3) is the same. Therefore, the HARQ-Ack payload size imbalance is not increased due to the combination of n+3 on certain CCs and n+4 on other CCs compared to the case of having only n+3 or only n+4. Therefore, we don’t see any imbalance issue to address. 
Observation: The combination of n+3 and n+4 timing within a PUCCH group for FS2 is not increasing the HARQ-Ack payload imbalance. Therefore, we do not see any reason for specific handling here.  
 
3	Other remaining reduced processing time issues
3.1 Overlap between CSS and USS
There has been some confusion in the email discussion (including our own response), as Question 1.4 in [1] has only been related to the case CSS and USS are overlapping and DCI format 0/1A is detected. The collision handling of n+4/CSS and n+3/USS PDSCH assignments and PUSCH grants had been agreed earlier already and is therefore not up for decision any longer.
We therefore support the Agreeable Proposal 1 in [1], which reads as: 
Proposal 3: When a UE configured with shortened processing time detects PDCCH carrying DCI format 0/1A with the CRC scrambled by the C-RNTI, the UE shall consider that the PDCCH is transmitted in common search space.

3.2 PUSCH interleaving
There has been the proposal to remove the UL interleaver, to enable faster PUSCH decoding at the eNB side. While we acknowledge the advantage from processing time point of view, in [2] it has been shown that specifically with sTTI intra-cell interference there is a large degradation to the PUSCH performance when removing the UL interleaver. 
We therefore suggest keeping the current PUSCH interleaving for shortened processing time. 
Proposal 4: For a UE configured with shortened processing time, the legacy UL channel interleaver mechanism is reused.

3.3 Timing definition for FS3 PUSCH scheduling
The simplest way to implement the changed timing is to just replace (l=)4 with (l=)3 in the 36.213, as noted by Option 2 in the email discussion [1] and we therefore support the Agreeable Proposal 3 of [1]:
Proposal 5: When shortened processing time is configured to a UE, the UE performs a corresponding PUSCH transmission in subframe(s) n+l+k+i, where l=3 for ‘PUSCH trigger A’ field set to ‘0’ in the corresponding DCI format 0A/0B/4A/4B and where the value of p+l+k is at least 3 otherwise.

3.4 Number of HARQ processes for FS2 and FS3
In the email discussion, there had been discussions if to enable a different number of HARQ processes for n+3 timing. We would like to note here that based on previous decisions also for FS2 and FS3 the same number of HARQ processes as in legacy apply based on the following previous agreements on the number of HARQ processes without sharing: 
Agreement:
· The maximum number of UL HARQ processes for n+3 1ms TTI is the same as for n+4 1ms TTI
· FFS: In case the UE is configured also with sTTI for PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared

Moreover, we already agreed the sharing with sTTI (applicable for FS1 & FS2) as well. Therefore, it is our understanding that for a CC with reduced processing time and no sTTI configured, the legacy number of HARQ processes is supported (for UL/DL, for FS1, FS2 and FS3) and for a CC with reduced processing time and sTTI configured, the maximum number of sTTI HARQ processes is supported also for 1ms TTI (for UL/DL, for FS1&FS2).   

4	Conclusions
In this contribution, we discussed details of the remaining details of reduced processing time for 1ms TTI. The following observations and proposals are made. 
Proposal 1: Dynamic (DAI-based) HARQ-ACK codebook determination is not supported with FS1 when different CCs have different processing times for 1-ms TTI.
Proposal 2: If dynamic (CC-domain DAI-based) HARQ-ACK codebook determination is supported with FS2, DAI operates separately amongst the carriers configured with n+3, and n+4 timing.
Observation: The combination of n+3 and n+4 timing within a PUCCH group for FS2 is not increasing the HARQ-Ack payload imbalance. Therefore, we do not see any reason for specific handling here.  
Proposal 3: When a UE configured with shortened processing time detects PDCCH carrying DCI format 0/1A with the CRC scrambled by the C-RNTI, the UE shall consider that the PDCCH is transmitted in common search space.
Proposal 4: For a UE configured with shortened processing time, the legacy UL channel interleaver mechanism is reused.
[bookmark: _GoBack]Proposal 5: When shortened processing time is configured to a UE, the UE performs a corresponding PUSCH transmission in subframe(s) n+l+k+i, where l=3 for ‘PUSCH trigger A’ field set to ‘0’ in the corresponding DCI format 0A/0B/4A/4B and where the value of p+l+k is at least 3 otherwise.
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