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1
Introduction
At RAN#72 the SI on Latency reduction techniques for LTE [1] has been closed and based on the outcome documented in the TR [2], a follow-up WI has been approved in [3]. 

The main objectives of the WI in [3] are given by: 
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.

In this contribution, we discuss generic issues of shortened processing time applicable for 1ms TTI and shorter TTI according to the yellow marked part of the WI objectives. We restrict the discussions in this contribution to the processing time framework, and discuss more specifically the UE processing time reduction for the PDSCH case in [4] and separately the PUSCH case in [5]. 
2
Discussions on shorter PHY processing times
The discussions about processing times during the SI phase mainly focused on the system performance assuming a certain processing time between (s)PDSCH transmission to DL HARQ feedback transmission as well as between UL grant reception to (s)PUSCH transmission. The evaluation results clearly indicated (e.g. in [2]), that not just the TTI shortening but specifically also the reduction of processing time has a strong impact on the achievable latency reduction, and consequently the user perceived throughput. 

Only limited discussions took place during the SI phase on how we are able to shorten the absolute processing time of (s)PDSCH and (s)PUSCH operation compared to the legacy timing.
In LTE Rel. 8, the processing times were defined to have a fixed N+4 (with a 1ms TTI and FDD operation) relationship without detailed analysis on how much time the UE actually requires to perform certain processing steps. Any LTE enhancements from Rel. 9 onwards assumed this fixed timing and new features requiring more UE processing have been added without changing this timing relationship. Examples here include the introduction of EPDCCH in Rel. 11, CA type of operation including DuCo from Rel. 10 onwards, MIMO enhancements from Rel. 9/10 onwards, higher order PDSCH/PUSCH modulation for PDSCH in Rel. 12/14, UE receiver enhancements incl. NAICS and so on. 
In contrast, it is now in the core of this WI to investigate what new timing relations (other than ~4ms allowed processing time) will be possible with state-of-the-art and especially future UE modem platforms. Moreover, restrictions to the (s)PDSCH/(s)PUSCH operation might be considered for reducing the maximum allowed absolute processing time. Examples of such restrictions include the maximum allowed timing advance (as discussed during the SI phase) as well as restricting the max. TBS size, as noted in the WID [3]. We think that RAN1 should discuss the processing time issue generically for any TTI length (1ms or shorter) in order to be able to set out certain restrictions and/or design guidelines for LTE shortened processing time operation to be specified in this WI. Moreover, one might note that all the UEs are required to support the legacy processing time requirement whereas in case of reduced processing time only UEs supporting this capability need to be able to operate with reduced processing time. Therefore, it should be possible to define stricter processing time requirements also without additional restrictions for future UEs having faster processing or more built in capabilities. 
We summarize the discussions with the following observation and proposal: 

Observation 1: The RAN1 investigations on processing time reduction should be performed generically (independent of the TTI length) and should therefore be applicable for all different envisioned TTI lengths in this WI (1ms and shorter). The studies should focus on current and future top of the line UEs only, as not all UEs will need to support reduced processing time operation. 
Proposal 1: RAN1 to discuss and decide the level of possible processing time reduction together with the related required changes/restrictions independently of the TTI length. 
3
UE processing time for PDSCH and PUSCH operation
In LTE Rel. 8, the same N+4 processing time assumption has been specified for PDSCH transmission to DL HARQ feedback as well as UL grant reception to PUSCH transmission, without any specific reason. 
Some of the processing steps such as (E)PDCCH DCI decoding or effects such as timing advance have clearly the same/similar impact on the two data link directions at the UE side whereas some steps are very much different. Just to note one example here, the (PDSCH) Turbo Decoding itself requires several turbo iterations whereas at the UE transmitter side a simple non-iterative turbo encoder is used. Moreover, from UE processing point of view, several features have been introduced that are mainly increasing the PDSCH decoding complexity (such as advanced receivers, NAICS, MUST, DM-RS based TM9/10 operation) whereas, except for the introduction of UL-MIMO/UL TM2 and 256QAM PUSCH, no further changes complicating the UE UL data processing have been introduced. 

Consequently, it seems reasonable to investigate and discuss the UE processing time shortening separately for UL grant reception to (s)PUSCH transmission and (s)PDSCH transmission to DL HARQ feedback.
Proposal 2: RAN1 should investigate the maximum allowed reduced UE processing time for the UL and DL cases separately. 

The WI description in [3] mentions the possibility to have a different processing time reduction for the UL and DL case: 

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]
Although this note in the WID only refers to the 1ms TTI, we think that also for shorter TTI lengths the UL and DL cases should be investigated separately and different maximum allowed processing times might in the end be specified for the UL and DL case of a specific TTI length. 
Observation 2: Different maximum allowed reduced UE processing times for the UL and DL cases might be specified for each TTI length. 
4
Summary 
In this contribution, we discuss generically processing time reduction for 1ms as well as shorter TTI lengths. Based on the discussions the following observations and proposals are made:

· Observation 1: The RAN1 investigations on processing time reduction should be performed generically (independent of the TTI length) and should therefore be applicable for all different envisioned TTI lengths in this WI (1ms and shorter). The studies should focus on current and future top of the line UEs only, as not all UEs will need to support reduced processing time operation. 

· Proposal 1: RAN1 to discuss and decide the level of possible processing time reduction together with the related required changes/restrictions independently of the TTI length. 
· Proposal 2: RAN1 should investigate the maximum allowed reduced UE processing time for the UL and DL cases separately. 

· Observation 2: Different maximum allowed reduced UE processing times for the UL and DL cases might be specified for each TTI length. 
Detailed discussions on the needed UE processing steps as well as potential needed restrictions/changes to enable reduced processing times between (s)PDSCH reception and DL HARQ feedback as well as between UL grant reception and (s)PUSCH transmission can be found in our companion contributions [4] and [5], respectively.   
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