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1. Introduction
At the RAN#72 meeting, a new work item on shortened TTI and processing time for LTE was approved [1]. The specification work includes shortened processing time for 1ms TTI:
	4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
The objective of this work item is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.

The detailed objectives are:

For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)
· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]
· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 
· Specify support for a reduced maximum TA to enable processing time reductions
· Note that the size of the reduction in minimum timing may be different between UL and DL cases.
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)
· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]
[…]



In this contribution we present our views on processing time reduction for 1ms TTI.

2. Target values of shortened processing time for 1ms TTI
In this mechanism, shortened processing time for 1ms TTI shall be enabled with keeping existing channel designs of PDSCH/(E)PDCCH/PUSCH/PUCCH. Main enhancement for this is to define shorter scheduling/HARQ timing that exploits shortened processing time. Since the minimum time difference for DL data ~ HARQ-ACK and for UL grant ~ UL data is k=4 in the existing LTE, the values that can be specified for 1ms TTI with shortened processing time are k=1, 2, and 3. Among them, k=1 can be applied to the limited cases only, which are described below:
· UL grant is received on PDCCH or on EPDCCH in special subframe, in which case the UL data scheduled by the UL grant can be transmitted in the next UL subframe.
· DL data is received on special subframe, in which case the HARQ-ACK feedback for the received DL data can be transmitted in the next UL subframe.
In FS1, it is not possible to apply k=1 for DL data ~ HARQ-ACK, while possible for UL grant ~ UL data. However, applying k=1 only for UL grant ~ UL data would complicate the scheduling/HARQ operation of FS1. Therefore, we propose that k=1 is supported only for FS2 and FS3. 
Proposal 1:
· For FS1 and FS2 and FS3, k=2 and 3 are supported.
· For FS2 and FS3, k=1 is also supported.

3. Necessary enhancements for shortened processing time for 1ms TTI
3.1. UE-specific configuration of shortened processing time
Since the 1ms TTI is not shortened and the downlink and uplink channel structures are not changed, the shortened processing time for 1ms TTI is purely achievable by reducing processing time at eNB and/or UE. Whether/how much processing time can be reduced would depend on various factors, e.g.:
· TA value: larger TA results in shorter allowable processing time to prepare uplink transmission.
· TB size: larger TB size results in large code-block to encode/decode, which requires longer processing time.
· RS for demodulation: Different RS requires different channel estimation algorithm, which would require different processing time for channel estimation.
· No. of layers: Larger number of layers may require processing of precoding/postcoding.
· Application of EPDCCH: EPDCCH requires to wait for decoding until receiving the last EPDCCH symbols.
· Number of CSI processes and/or QCL assumptions may also have some impacts.
How each factor impacts on the whole processing time is totally implementation matter. Therefore, it is not preferable just to give hard limits on some factors by specifications. Instead, specifications should allow any possible short processing time (i.e., above proposal 1), and actual limitations should be up to UE capability. A set of limitations for a given UE implementation should be indicated via UE capability signaling. 
Proposal 2:
· The value of k should be configurable for each UE depending on the UE capability.
· UE capability signaling is introduced to indicate which value of k is applicable.

3.2. Asynchronous UL HARQ
In legacy LTE, UL HARQ is synchronous while DL HARQ is asynchronous. Unlike DL HARQ, UL HARQ uses PHICH, by which non-adaptive PUSCH re-transmission is triggered. The PHICH resource is implicitly determined by the PUSCH PRB index and PUSCH DMRS index. In general, synchronous HARQ is beneficial to reduce signaling overhead by tying UL transmission timing and HARQ process number. However, the UE configured with shortened processing time should not use the PHICH for UL HARQ, since resource collision handling between PHICH for UEs having different HARQ timelines would become quite complicate. Furthermore, in case of sync UL HARQ, the PUSCH re-transmission timing is pre-determined for a given HARQ process number, which makes difficult to perform flexible scheduling/HARQ operation. Therefore, we propose to introduce asynchronous HARQ for PUSCH transmission for the UE configured with processing time reduction for 1ms TTI.
Proposal 3:
· Asynchronous UL HARQ is supported for processing time reduction for 1ms TTI.

4. Performance requirements for channels used in shortened processing time for 1ms TTI
Shorter processing time at eNB and/or UE, especially in receiver side, is available either (1) by using faster processor/algorithm, or (2) by allowing demodulation performance degradation. The original motivation of introducing shorter processing time for 1ms TTI should be to utilize faster processor/algorithm for existing channels, and should not be to allow degradation. RAN1 should confirm this understanding. If necessary, RAN1 can send this information to RAN4 by LS, so that they can know there is no need to consider revising minimum requirements for demodulation performance of existing channels even with the shortened processing time.
Proposal 4:
· Confirm that the shortened processing time for 1ms TTI is not intended to allow degradation of demodulation performance of existing channels.
· If necessary, RAN1 should inform this understanding to RAN4 by LS.

5. Conclusion
In this contribution, we presented our views on processing time reduction for 1ms TTI and proposed following.
Proposal 1:
· For FS1 and FS2 and FS3, k=2 and 3 are supported.
· For FS2 and FS3, k=1 is also supported.
Proposal 2:
· The value of k should be configurable for each UE depending on the UE capability.
· UE capability signaling is introduced to indicate which value of k is applicable.
Proposal 3:
· Asynchronous UL HARQ is supported for processing time reduction for 1ms TTI.
Proposal 4:
· Confirm that the shortened processing time for 1ms TTI is not intended to allow degradation of demodulation performance of existing channels.
· If necessary, RAN1 should inform this understanding to RAN4 by LS.
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