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1. Introduction 
In this contribution we discuss downlink and uplink processing time reduction and related procedures for shortened TTI.  In general, reducing the processing time at eNB and UE while transmitting /receiving PDSCH/PUSCH is desirable to exploit potential gains from shortened TTI. In [1], significant improvements in the TCP performance are shown when DL/UL processing time is reduced in proportion to TTI length. 
2. Discussion
2.1. DL processing reduction 
Legacy LTE defines a fixed timing relation between PDSCH reception and HARQ-ACK feedback in UL. For FDD, if the UE receives a PDSCH in subframe n-4, it should send a corresponding HARQ-ACK feedback in subframe n. The four subframes interval accounts for UE processing delay to decode PDCCH, PDSCH and timing advance (TA) to align HARQ feedback receptions at the subframe boundary at the eNB. 
Similar to legacy operation, the DL processing delay for S-PDSCH reception and the associated HARQ-ACK feedback at the UE generally consists of following factors: 
· PDCCH decoding delay (independent of the S-TTI duration) 
· PDSCH demodulation and decoding that can be scaled with TTI duration as the number of bits to be decoded are proportionally reduced with S-TTI duration compared to legacy. 
· The value of TA that is dependent on the cell size (independent of the S-TTI duration) 
Observation 1: PDSCH demodulation and decoding at the UE can be proportionally scaled with S-TTI duration. 
To achieve potential benefits of shortened TTI, fixed delays (e.g. S-PDCCH decoding, TA and channel estimation) that are independent of the short TTI length should be minimized. 
The location of S-PDCCH in relation to the corresponding S-PDSCH will have impact on the UE processing time. Transmitting the S-PDCCH at the beginning of an S-TTI can allow UE to decode DL scheduling assignments as early as possible, which would help reduce the data decoding processing time. 
Proposal 1:  The S-PDCCH region is located at the beginning of an S-TTI.
The PDCCH reception time can be improved by reducing the blind decoding attempts at the UE. As one method, PDCCH, S-PDCCH search space and the number of the DCI types to be monitored in a DL subframe by the S-TTI UE can be reduced. More particularly, due to EPDCCH spans over a whole subframe, the processing delay at the UE can be further reduced by mandating that a UE configured with S-TTI is not required to monitor E-PDCCH. 
Observation 2: Consider reducing PDCCH decoding delay by decreasing blind decoding attempts at UE. 
Proposal 2: UE configured with S-TTI is not required to monitor EPDCCH for the legacy PDSCH reception. 
TA depends on the supported cell radius. In legacy LTE design, cell size up-to 100km is supported, which requires a maximum TA of 667us. The benefits of short TTI are fairly marginal for the cell edge UE as shown in analysis [1] for TCP traffic. Furthermore, for large cell radius, the propagation delay will dominate the overall processing time and impacting the S-TTI performance. In addition, it is expected that the supported cell sizes for S-TTI should be reduced from currently supported 100km due to the reduced number of symbols in an S-TTI resulting in energy limitation.  
Another issue needs to be discussed is whether the supported TA value should be S-TTI length dependent. In general, the maximum supported TA value can be dependent on S-TTI duration or can be fixed for any S-TTI duration. Limiting the maximum TA value for certain S-TTI length essentially poses a restriction on the maximum distance between UEs and eNB that is allowed to use this S-TTI. As a consequence, it may limit any potential gains with S-TTI for the cell-edge UEs even in case of small packet and a low load case. Thus, we prefer to define maximum TA value to be independent of S-TTI length. 
Observation 3: UE configured with S-TTI is required to support reduced maximum TA value than legacy LTE. Maximum TA value independent of S-TTI duration is preferred. 
The number of required DL HARQ processes depends on the latency between PDSCH transmission and the HARQ-ACK reception at the eNB. In the legacy FDD LTE, 8 HARQ processes are supported as the HARQ processing delay (PDSCH transmission to ACK reception at the eNB) is 8TTIs (8ms). As an example of 2OS S-TTI duration, in order to support 8 HARQ processes, PDSCH  HARQ ACK transmission should be completed within 8 OS. In our view this tight constraint for ACK feedback may not be feasible from UE complexity perspective. Thus a larger number of HARQ processes e.g. 16 can be considered to simply relax the processing time requirement. In addition the latency between PDSCH transmission and the HARQ-ACK transmission may be different number of S-TTI length and thus the number of HARQ processes supported by different S-TTI durations can be varied. For example, S-TTI of 2 OS is required to support more HARQ processes than S-TTI of 7 OS. 
Proposal 3: Increase the number of supported HARQ processes for S-TTI. FFS on supported number of HARQ processes for each S-TTI duration. 
2.2. UL processing reduction 
Legacy LTE defines a fixed timing relationship between UL grant transmission and the associated PUSCH. In legacy FDD LTE design, the latency from UL grant to PUSCH transmissions is assumed to be 4 sub-frames. 
Similar to DL, UL processing at the UE consists of fixed delays for processing UL grant, and aligning for TA. On the other hand, encoding and modulation for PUSCH can be performed in proportion to S-TTI duration. This implies that the timing relationship between UL grant and the PUSCH transmission should be modified based on the S-TTI used for UL transmission. The latency between UL grant transmission at eNB and PUSCH transmission at UE can be different number of S-TTI length and thus different S-TTI durations can have different timing relationship between UL grant and PUSCH transmission. For example, for UL grant transmission in S-TTI n, UL S-TTI of 2 OS has a timing relationship of  while UL S-TTI of 7 OS has a timing relationship  for PUSCH transmission, where . 
Observation 4: The timing relationship between UL grant and the PUSCH transmission should be based on the S-TTI length used for UL transmission. 
3. Conclusions
In this contribution, the details of the downlink and uplink processing time reduction were discussion and the following proposals/observations were made. 
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