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1
Introduction
The SI on Latency reduction techniques for LTE [1] was closed at RAN#72 and based on the outcome documented in the TR [2], a follow-up WI was 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.

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]
For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/ sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

In this contribution, we present our considerations on slot-level sTTI design for Frame Structure 2. In our companion contribution [4], the reduced processing times with 1-ms TTI for FS 2 is discussed by taking into account the points above.

2
Latency reduction of slot-level sTTI for FS2
Based on the RAN1#85 agreement of SI phase study for sTTI, it is recommended and understood that further enhancements including other shorter sTTI durations, and additional DL-UL switching points/additional subframe types for FS2 TDD latency reduction are postponed to Rel-15 or later. This means that the current WI shall specify support for latency reduction for FS2 only with slot-level sTTI with no additional DL-UL switching points or subframe types introduced. Moreover, it can be understood that the switching point periodicity of slot-level sTTI design for FS2 will be kept the same as in the 7 legacy DL-UL configurations in TD-LTE, where switching point periodicity can be either 5ms (configuration-0/1/2/6) or 10ms (configuration-3/4/5). Also based on the understanding from SI phase study in [2], air interface latency of slot-level sTTI TDD is expected to vary a lot depending on the applied slot-level TDD DL-UL configuration as well as the sTTI subframe index within the radio frame.
Observation-1: Switching point periodicity of slot-level sTTI design for FS2 will be kept as legacy of either 5ms or 10ms.
Observation-2: Air interface latency of slot-level sTTI TDD is expected to vary a lot depending on the applied slot-level TDD DL-UL configuration as well as the sTTI subframe index within the radio frame.
Considering slot-level sTTI for FS2 based on legacy TDD DL-UL configuration-2 as shown in Table-1, the legacy downlink subframe “D” can be split into slot-level subframe “DD”, the legacy uplink subframe “U” can be split into slot-level subframe “UU”, and the legacy special subframe “S” can be split into slot-level subframe “DS” or “SU”. Moreover, the chosen principle of either “DS” or “SU” for slot-level special subframe (SSF) configuration may depend on the applied TDD DL-UL configuration or the network choices to provide more DL or UL transmission opportunities in a cell. As an example as also shown in Table-1, for 5ms switching point periodicity, considering the balanced number of slot-level DL and UL resources introduced, the two SSFs can be considered to apply differently  (e.g. with SSF(1)(DS and SSF(2)(SU).

Table-1: Example of TDD DL-UL configuration-2
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Furthermore, based on the understanding of SI phase study, latency reduction gain in sTTI TDD is limited by the positions of DL subframes and UL subframes availability for HARQ-ACK/NACK feedback, unlike in LTE FDD, where UL subframes are always available for HARQ-ACK/NACK feedback transmission. UL subframes for HARQ-ACK/NACK feedback transmission in TD-LTE are only be available in certain subframes based on the applied TDD DL/UL configuration. Therefore, considering reduced HARQ-ACK timing for slot-level sTTI application, new kind of SSF structure for slot-level sTTI can be considered. 
As shown in Table-1, the proposed slot-level SSF (denoted as S’) contains a GP and uplink transmission symbols only, where as an example:
· S’= GUUURUU or GUURUUU or GUURUUN can be used for PUSCH transmission, 
· G stands for gap, U stands for UL data transmission, R stands for UL DMRS, and N stands for symbol of SRS transmission)

· S’=GUURRRU or GURRRUU or GURUURU is for PUCCH transmission. 
· For PUCCH 1a/1b, the shortened PUCCH format can be re-used.

In Table-2, the benefit of reduced DL HARQ-ACK/NACK timing is shown in Table-3 for TDD DL/UL configuration-2:
Table-2: Benefit of reduced HARQ-ACK/NACK Timing
[image: image2.emf]UL HARQ-ACK Timing

config-2

sTTI SF Number 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

S->SU D D S

U

11,7,6,5,4

U

4, 

U

4, D D D D D D S

U

11,7,6,5,4

U

4,

U

4, D D D D

S->DS D D D S

U

12,11,8,7,

6,5,4, 

U

4, D D D D D D D S

U

12,11,8,7,

6,5,4

U

4, D D D D

S->S'U D D

S'=U

6,5,4

U

4

U

4, 

U

4, D D D D D D

S'=U

6,5,4

U

4

U

4,

U

4, D D D D

S->DS' D D D

S'=U

11,7,6,5,4

U

4, 

U

4, D D D D D D D

S'=U

11,7,6,5,4

U

4,

U

4, D D D D

SSF(1)->S'U

SSF(2)->DS' D D

S'=U

10,6,5,4

U

4

U

4, 

U

4, D D D D D D D

S'=U

7,6,5,4

U

4,

U

4, D D D D

Uplink grant delay

config-2

sTTI SF Number 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

S->SU

D

4

D

4 S U U U D D D

D

4

D

4

D

4 S U U U D D D

D

4

S->DS

D

4

D

4 D S U U D D D D

D

4

D

4 D S U U D D D D

S->S'U

D

4

D

4 S'=U U U U D D

D

4

D

4

D

4

D

4 S'=U U U U D D

D

4

D

4

S->DS'

D

4

D

4 D S'=U U U D D D

D

4

D

4

D

4 D S'=U U U D D D

D

4

SSF(1)->S'U

SSF(2)->DS'

D

4

D

4 S'=U U U U D D D

D

4

D

4

D

4 D S'=U U U D D

D

4

D

4

S U D D D S U D D D

S U D D D S U D D D


As shown in Table-2, with SSF configuration of S’U for TDD DL-UL configuration-2, the HARQ-ACK/NACK feedback delay for downlink data is greatly reduced for some of the DL subframes. As shown in Table-2 the maximum HARQ-ACK timing for the configuration of S(SU and S(DS is 11ms and 12ms respectively. With the configuration of S’U, the maximum HARQ-ACK timing is reduced to 6ms. Moreover, based on Table-2, for TDD DL-UL Configuration-2, the average reduction in HARQ-ACK delay can be calculated as:

· Average HARQ-feedback latency (S(DS) =7.13ms

· Average HARQ-feedback latency (S(SU) =5.86ms = -18%

· Average HARQ-feedback latency (S(S’U) =4.50ms = -37%
· Average HARQ-feedback latency (S(DS’) =5.86ms = -18%

· Average HARQ-feedback latency (SSF(1)(S’U, SSF(2)(DS’) =5.15ms = -28%
As can be seen, compared with slot-level sTTI of S(DS, the average HARQ-ACK/NACK delay of S(S’U can be reduced with 37% for DL-UL configuration-2.
In the meanwhile, when observing the uplink grant delay table, it is good to see that the maximum timing for uplink grant delay is kept the same 4ms for the configuration of S’U, meaning that the uplink grant delay is not impacted at all with the S’U configuration.

Proposal-1: To reduce the HARQ-ACK delay for DL data, a new kind of SSF structure for slot-level sTTI can be considered for enabling faster HARQ-ACK/NACK transmission than legacy with 1ms TTI
Proposal-2: To balance the number of DL and UL resources introduced with slot-level sTTI, the two SSFs for 5ms switching point periodicity can be considered to apply different configuration
3
Conclusions
In this contribution, we have the following observations and proposals for slot-level sTTI design for FS2:
Observation-1: Switching point periodicity of slot-level sTTI design for FS2 will be kept as legacy of either 5ms or 10ms.
Observation-2: Air interface latency of slot-level sTTI TDD is expected to vary a lot depending on the applied slot-level TDD DL-UL configuration as well as the sTTI subframe index within the radio frame.
Proposal-1: To reduce the HARQ-ACK delay for DL data, a new kind of SSF structure for slot-level sTTI can be considered for enabling faster HARQ-ACK/NACK transmission than legacy with 1ms TTI

Proposal-2: To balance the number of DL and UL resources introduced with slot-level sTTI, the two SSFs for 5ms switching point periodicity can be considered to apply different configuration
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