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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 FS2 is discussed, 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.
2.1: Considerations of Special Subframe for slot-level FS2
Considering slot-level sTTI for FS2 based on existing legacy TDD DL-UL configurations, 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” may be split based on the supported TDD special subframe (SSF) configurations. 
Currently, there are 10 special subframe configurations specified for LTE, including the new special subframe configuration-10 defined in Rel-14, where PUSCH transmission with ACK/NACK in UpPTS is possible. In legacy LTE, for special subframe configuration 0~9, only SRS transmission in UpPTS is supported, and introducing sPUSCH/sPUCCH transmission in UpPTS for SSF 0~9 can be seen as a new TDD DL-UL configuration, which should not be supported according to the agreed WID. Furthermore, for special subframe configuration-10, PUCCH transmission in UpPTS is not supported in legacy Rel-14, and we do not see the strong need and benefit to support sPUCCH transmission in UpPTS either. 
In Figure-1, the supported 10 special subframe configurations are categorized into 3 types: 
·  Type-1 includes the special subframe configuration-1/2/3/4/6/7/8, where the length of legacy DwPTS is longer than slot-level 7os. 
·  Type-2 includes the special subframe configuration-0/5/9, where the length of legacy DwPTS is shorter than 7os. 
·  Type-3 includes the special subframe configuration-10, where the length of legacy DwPTS is shorter than 7os and UL ACK/NACK transmission in UpPTS is also possible.
	Type-1: Legacy DwPTS length longer than 7os
[image: image1.emf]7os

DwPTS

GP

2~5os

DwPTS

U

p

P

T

S

 

(

S

R

S

)

Special subframe 

configuration-1/2/3/4/6/7/8


	Type-2: Legacy DwPTS length shorter than 7os
[image: image2.emf]Special subframe 

configuration-0/5/9

6os

DwPTS

GP

U

p

P

T

S

 

(

S

R

S

)



	Type-3: Legacy DwPTS length shorter than 7os, 

and PUSCH ACK/NACK in UpPTS (SSF-10)
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Figure-1: TDD Special Subframe Configurations
Considering the HARQ and scheduling timing design, single processing timeline with the minimum processing time of (n+4) relation is preferred for FS2 sTTI, where the ongoing discussion and design related to slot-level FDD can also be largely applied. For simplicity, it is also preferred that the timing from sPDSCH to HARQ-ACK and UL grant to sPUSCH for 1-slot sTTI is the same for different SSF configurations for a given DL-UL configuration. At least for HARQ-ACK timing, the timing is preferred to be determined by pre-defined table. This results in simpler specifications and allows for borrowing much of the legacy TDD functionality such as DAI, codebook size determination, etc., and whether latency optimized or (UL HARQ-ACK or DL UL-grant) payload balanced objectives of timing table design need to be further discussed by cases. For UL scheduling timing, multiple timings can potentially be considered.
Observation-1: For Type-2 and Type-3 in Figure-1, the design is rather straightforward by following legacy approach, and Type-1 design needs more considerations.
Proposal-1: For special subframe configuration 0~9, sPUSCH/sPUCCH transmission in UpPTS is not supported, and for special subframe configuration 10, sPUCCH transmission in UpPTS is not supported.
Proposal-2: Single processing timeline with the minimum processing time of (n+4) relation is preferred for FS2 sTTI.
Proposal-3: New slot-level HARQ/scheduling timing table should be considered. For simplicity, it is preferred that the timing from sPDSCH to HARQ-ACK and UL grant to sPUSCH for 1-slot sTTI is the same for different SSF configurations for a given DL-UL configuration.
2.2: Considerations of Type-1 with legacy DwPTS length longer than 7os
To handle the DwPTS length longer than 7os for Type-1 in Figure-1, one option is to consider the DwPTS as a single TTI for design simplicity. As an alternative option, the DwPTS can also be considered to be split into a 1-slot sTTI and an X-symbol sTTI, where X is the number of symbols of DwPTS in the second slot. Currently, both options are open. If the approach of X-symbol sTTI was selected, the related design should be kept as simple as possible with the following design preference:
· Considering the DMRS design in X-symbol sTTI, for legacy DwPTS=11&12, the slot DMRS pattern can be used in the 2nd-slot of special subframe for X-symbol sTTI, as shown in Figure-2. For legacy DwPTS=9&10, there is no DMRS in the X-symbol sTTI region, therefore DMRS based transmission is not supported.
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Figure-2: DMRS pattern for DwPTS=11&12
· Considering the scheduling of X-symbol sTTI, the sPDSCH transmission should be considered in the X-symbol sTTI with independent scheduling, as shown in Figure-3. The design should reuse most of the design of 2os and/or 7os sTTI if applicable for X-symbol sTTI, e.g. sPDCCH, TBS, etc.
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Figure-3: Independent X-symbol sTTI scheduling
· Considering the timing design of X-symbol sTTI, the lowest number of symbols in X-symbol sTTI is 2, which is much less than in the 1-slot sTTI of 7os. The timing table design for X-symbol sTTI with variable size will be very complicated. To simplify the timing table design, we prefer the same (minimum) timing for X-symbol sTTI and 1-slot sTTI.
Based on the above discussions, we have the following proposals:
Proposal-4: For handling of DwPTS longer than 7os, DwPTS as a single TTI is preferred for design simplicity. 
Proposal-5: If the approach of X-symbol sTTI was selected for handling DwPTS longer than 7os, the related design should be kept as simple as possible with the following design preference:
· For DMRS in X-symbol sTTI, the slot DMRS pattern can be used in the 2nd-slot of special subframe for X-symbol sTTI for DwPTS=11&12. And for DwPTS=9&10, DMRS based transmission is not supported in X-sTTI sTTI.
· For scheduling of X-symbol sTTI, the sPDSCH transmission should be considered in the X-symbol sTTI with independent scheduling.

· For the timing design of X-symbol sTTI, to simplify the timing table design, the same (minimum) timing should be assumed for X-symbol sTTI and 1-slot sTTI
3
Conclusions
In this contribution, we have the following observations and proposals for slot-level sTTI design for FS2:
Observation-1: For Type-2 and Type-3 in Figure-1, the design is rather straightforward by following legacy approach, and Type-1 design needs more considerations.
Proposal-1: For special subframe configuration 0~9, sPUSCH/sPUCCH transmission in UpPTS is not supported, and for special subframe configuration 10, sPUCCH transmission in UpPTS is not supported.

Proposal-2: Single processing timeline with the minimum processing time of (n+4) relation is preferred for FS2 sTTI.
Proposal-3: New slot-level HARQ/scheduling timing table should be considered. For simplicity, it is preferred that the timing from sPDSCH to HARQ-ACK and UL grant to sPUSCH for 1-slot sTTI is the same for different SSF configurations for a given DL-UL configuration.
Proposal-4: For handling of DwPTS longer than 7os, DwPTS as a single TTI is preferred for design simplicity. 
Proposal-5: If the approach of X-symbol sTTI was selected for handling DwPTS longer than 7os, the related design should be kept as simple as possible with the following design preference:

· For DMRS in X-symbol sTTI, the slot DMRS pattern can be used in the 2nd-slot of special subframe for X-symbol sTTI for DwPTS=11&12. And for DwPTS=9&10, DMRS based transmission is not supported in X-sTTI sTTI.
· For scheduling of X-symbol sTTI, the sPDSCH transmission should be considered in the X-symbol sTTI with independent scheduling.

· For the timing design of X-symbol sTTI, to simplify the timing table design, the same (minimum) timing should be assumed for X-symbol sTTI and 1-slot sTTI
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