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1 Introduction
A revised WI was approved at RAN #73 to support shortened TTI and processing time for LTE [1]. One of the objectives is to specify and complete the support of a reduced minimum timing compared to legacy DL and UL operations. At RAN1 #86 meeting, the following decisions for reducing processing time for 1ms TTI were made: 
Agreement:

· For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions: 

· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 

· At least when scheduled by PDCCH 

· For FS2, new DL HARQ and UL scheduling timing relations will be defined

· Details FFS

· FFS:

· Possible minimum timing of n+2 TTI

· FFS max TA in this case

· FFS what other restrictions (if any) on when reduced processing times of n+2 could be applied

· Possibility of scheduling by EPDCCH.

This contribution discusses the remaining aspects on reduced minimum timing for DL and UL operations with legacy 1ms TTI.
2. Discussion
2.1 Processing time reduction
The combination of two restrictions, i.e. PDCCH-only scheduling and a reduced maximum TA, makes it possible to meet a minimum timing reqirement n+3 without huge hardware impacts. EPDCCH spans two slots and results in more severe HARQ processing time w.r.t. legacy PDCCH at least in the order of hundreds of microseconds. This poses challenges for a UE to meet the tight 3 ms processing delay. Although TBS restriction can be one nature way to address the additional decoding delay issue of EPDCCH, a TBS retriction also makes this feature less useful. Therefore, a careful analysis is deemed necessary to evaluate whether it is necessary to further reduce processing time with TBS resctribtion in Rel-14, particularly considering similar functions can be achieved by using shortening TTI. 
Propsoal 1: The reduced timing n+3 is only supported for the data transmissions that are scheduled by PDCCH in Rel-14. 
2.2 Support of fallback operation
In the RAN1 #86, the following agreement was reached regarding processing time reduction operation [2]:
	Agreement:

· Reduced processing time(s) are RRC configured for the UE

· Working assumption: A mechanism for dynamic fallback to legacy processing timings (n+4) is supported

· Details FFS
· Working assumption can be revisited if it is not found to be feasible 


Having the reduced processing time being configured to UE through the RRC protocol may result in error cases and uncertainities between UE and eNB in terms of processing time and relevant timelines. The uncertainty situation will happen during the time from the eNB sends the RRC reconfiguration message until the eNB has correctly received the RRC reconfiguration complete message, which in some cases could require a relative significant amount of time (in case the UE is in poor uplink conditions and require several retransmissions to complete the transmission correctly).
It is preferable to support a fallback mechanism for processing timing when performing processing time initial configuration and reconfiguration of the UE by using DCI format in the common search space (CSS). This can provide support for data transmissions with the UE during the switching period of an RRC reconfiguration.
Proposal 2: Confirming the working assumption to support a mechanism for dynamic fallback to legacy processing timing n+4
Proposal 3: The common search space is used as a dynamic fallback during configuration of a reduced processing timing. 
2.3 PUCCH resource allocation  
Reduction in minimum timing implies that different PUCCH HARQ-ACK timing will be applied by a UE configured with this feature compared to UEs that are not. This creates a collision risk in the PUCCH resource mapping where two DL assignments point to the same PUCCH physical resource.  
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Figure 1: PUCCH resource collision issue for PUCCH format 1a/1b
The PUCCH resource allocation scheme for reduced processing time should maximize the commonality with exisiting solutions. This indicates that implicit resource allocation should be supported similarly as in previous releases. It is noted that when using PUCCH format 3 for HARQ-ACK feedback for reduced processing time with the new HARQ timeline, the existing resource allocation solution can be used as such. For PUCCH format 1a/1b, the collision issue, as depicited in FIG.1, between legacy UEs (i.e., scheduled by PDCCH #1) and UEs enabled with processing time reduction (i.e., scheduled by PDCCH #2) need, to be addressed. 
Proposal 4: Support PUCCH format 1a/1b implicit resource mapping for reduced processing time. 

The most straightforward way is to leave the collision problem to the scheduler. This would put some restriction on how to schedule the UEs with shortened HARQ-ACK feedback delay together with legacy UEs where some CCE combinations cannot be served as initial CCEs. Another effective way is to separate the PUCCH resource region, e.g., by configuring different 
[image: image2.wmf](1)

PUCCH

N

, which is same as for eIMTA operation. This option guarantees that no limitations occur at the scheduler and, hence, the design is simplified. 
Proposal 5: Allocate new PUCCH resources for PDSCHs with reduced processing time based on a starting PUCCH offset separately configured by higher layer signaling. 
3. Conclusions
In this contribution, we discuss several open issues on reduced minimum timing for DL and UL operation with legacy 1ms TTI. In particular, we propose: 

Proposal 1: The reduced timing n+3 is only supported for data transmissions that are scheduled by PDCCH in Rel-14. 
Proposal 2: Confirming the working assumption to support a mechanism for dynamic fallback to legacy processing timing n+4

Proposal 3: The common search space is used as a dynamic fallback during configuration of a reduced processing timing. 

Proposal 4: Support PUCCH format 1a/1b implicit resource mapping for reduced processing time. 

Proposal 5: Allocate new PUCCH resources for PDSCHs with reduced processing time based on a starting PUCCH offset separately configured by higher layer signaling. 
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