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1 Introduction
In RAN1#85 meeting [1], processing time reduction and related issues were discussed in latency reduction, and the following items were agreed regarding processing time reduction:
Agreements:
· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;
· Processing time >= the legacy processing time linearly downscaled with TTI length

· 4 <= k <= 8
· FFS whether or not to support processing time is lower than the legacy processing time linearly downscaled with TTI length for at least slot based TTI

· k < 4 for slot based TTI. 

· Note that sTTI refers to 

· sPUSCH sTTI for the UL grant to UL data timing 

· sPDSCH sTTI for the DL data to DL HARQ feedback timing

· FFS how to the handle the minimum timing for the case when DL sTTI and UL sTTI have different lengths

· Further study whether or not the eNB would indicate an additional parameter m (Note: the value may be dependent on the discussion on the max TA), resulting in a timing of n + k + m sTTI

· FFS: semi-static or dynamic configuration of m, if introduced

· The minimum timing for UL grant to UL data and for DL data to DL HARQ is  n + k TTI for subframe-long TTI operation and short TTI capable UEs. 

· k = 4 is supported

· Further study whether a reduced minimum timing is possible, e.g. k = 2, k = 3, and if a reduced maximum TBS is needed to achieve this

· Note: CQI feedback enhancements for short TTI and legacy TTI are not precluded
When UE is scheduled with short TTI, the processing time should be reduced accordingly. Hence, new HARQ and scheduling timing design is required. Generally, there are two kinds of options can be considered for HARQ and scheduling timing for LTE short TTI, i.e. the fixed implicit timing and dynamic explicit timing. In this contribution, we mainly provide our considerations on implicit HARQ and scheduling timing for LTE short TTI. Discussion on explicit timing for LTE short TTI is given in [2].
2 Discussion
Similar with current LTE, fixed implicit HARQ and scheduling timing is predefined for FDD and for each UL-DL configuration in TDD. For short TTI, fixed implicit HARQ and scheduling timing can be defined with the same principle. If the combination of different UL TTI length and DL TTI length is supported, the timing of each combination should be defined. When 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH are supported and 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH are supported, there are totally six kind of combinations considering that the length of sPUCCH/sPUSCH is the same or longer than the length of the DL sTTI carrying the associated sPDSCH/UL grant as below:

· Combination 1: sPDSCH/sPDCCH use 2-symbol TTI and sPUCCH/sPUSCH use 2-symbol TTI
· Combination 2: sPDSCH/sPDCCH use 7-symbol TTI and sPUCCH/sPUSCH use 7-symbol TTI
· Combination 3: sPDSCH/sPDCCH use 2-symbol TTI and sPUCCH/sPUSCH use 4-symbol TTI
· Combination 4: sPDSCH/sPDCCH use 2-symbol TTI and sPUCCH/sPUSCH use 7-symbol TTI
· Combination 5: sPDSCH/sPDCCH use 2-symbol TTI and sPUCCH/sPUSCH use 14-symbol TTI
· Combination 6: sPDSCH/sPDCCH use 7-symbol TTI and sPUCCH/sPUSCH use 14-symbol TTI
In combination 3~6, the UL TTI length is different with the DL TTI length, the processing time should be different for UL scheduling and DL HARQ. Specifically, the following principles should be considered 
1) The processing time for UL grant to UL data should be defined based on the UL TTI length
2) The processing time for DL data to the HARQ-ACK should be defined based on the DL TTI length
Observation 1: Following principles should be considered when designing the implicit DL/UL scheduling and HARQ timing.

1) The processing time for UL grant to UL data should be defined based on the UL TTI length
2) The processing time for DL data to the HARQ-ACK should be defined based on the DL TTI length

For FDD, the HARQ and scheduling timing can be defined based on the minimum processing, i.e. the 1st sTTI immediately after the processing time should be used for schedule sPUSCH or DL HARQ-ACK. However, since DL TTI length is different with UL TTI length for the above mentioned combination 3 to 6, after sPDSCH/sPDCCH transmission and the minimum processing time, it may not be a starting point of a sPUCCH/sPUSCH TTI. 
As shown in figure 1, assuming the minimum processing time for 2-symbol sPDSCH is 3 times 2-symbol sTTI, for DL sTTI0 in subframe n-1, the time point after sPDSCH/sPDCCH transmission and the minimum processing time is the end point of DL sTTI3 in subframe n-1, but it is in the middle transmission of UL sTTI2 in subframe n-1. Hence, it should be specified that the UL TTI used for UL data or DL HARQ transmission should be the first available UL TTI after UL grant or DL data transmission and the minimum processing time.. The rule can be applied to all the combinations of different UL and DL TTI length.
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Figure 1 DL HARQ timing for 2-symbol sPDSCH and 4-symbol sPUCCH
Observation 2: For FDD, the UL TTI used for UL data or DL HARQ transmission should be the first available UL TTI after UL grant or DL data transmission and the minimum processing time to achieve the minimum latency.
For TDD, it is even more complicated since different TDD UL-DL configuration and different UL and DL TTI length should be considered. The above discussed approach for FDD cannot be directly reused, since it will cause some UL subframe/TTI non-schedulable or imbalanced HARQ-ACK feedback in each UL subframe/TTI. Therefore, in TDD, the HARQ/scheduling timing table should be defined for each UL-DL configuration in TDD and all the above supported 6 DL/UL TTI length combinations, which seems very complicated. 
In addition, if dynamic switching of TTI length (e.g. switching between 1ms or short TTI, or between two short TTI lengths) is supported, it is hardly to define a single implicit timing relationship. Furthermore, the implicit timing design could hardly be future compatible with the additional DL/UL switching points and/or new subframe type, if introduced later for TDD, as per SI recommendation. 
As a summary, the fixed implicit HARQ/scheduling timing can be done for sTTI for FDD, but have significant issues for TDD. Considering that carrier aggregation including FDD+TDD carrier aggregation will be supported with sTTI, it is highly recommended to have a unified solution between FDD and TDD. Therefore we propose the following:
Proposal 1: The fixed implicit timing is not supported for LTE short TTI.
3 Conclusion
In this contribution, we discuss the fixed HARQ and scheduling timing for LTE short TTI and the follow proposal is given:
Proposal 1: The fixed implicit timing is not supported for LTE short TTI.
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