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1 Introduction
In RAN1#86bis meeting [1], several issues were discussed in latency reduction, and the following items were agreed regarding processing time reduction:
Agreement:
· For the combination of sTTI for DL and UL, RAN1 chooses one to be supported among the following alternatives.

· Alt 1. {2,2}, {7,7}
· Alt 2. {2,2}, {2,4}, {7,7}
· Alt 3. {2,2}, {2,7}, {7,7}
· Alt 4. {2,2}, {2,4}, {2,7}, {7,7}
· Note: {a,b} denotes {DL sTTI length, UL sTTI length}.

· Note: DL sTTI length is used for sPDCCH and sPDSCH.

· Note: UL sTTI length is used for sPUSCH and sPUCCH corresponding to sPDCCH and sPDSCH, respectively.

· RAN1 study the necessity of {2,14} and/or {7,14} 

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 implicit timing and explicit timing. In another contribution [2], we propose to not support fixed implicit timing design for sTTI.
In this contribution, we mainly provide our considerations on explicit HARQ and scheduling timing for LTE short TTI. 
2 Discussion
In explicit HARQ and scheduling timing scheme, the timing for UL grant to UL data and for DL data to DL HARQ is n + k + m sTTI, where k is the minimum feedback/scheduling processing time and m is additional latency indicated by DCI dynamically.
The time unit of k and m

If the combination of different UL TTI length and DL TTI length is supported, the time unit of k and m should be defined. For UL scheduling timing, both k and m can be defined as multiple of the length of UL TTI which is being scheduled. For DL HARQ timing, the unit of k should be multiple of the length of DL TTI which should be feedback, and there are two different options to define the time unit of m. 
In one option, the time unit of m is the length of DL TTI, then multiple of m values may point to the same feedback UL TTI when UL TTI length is larger than DL TTI length. Another option is that the time unit of m is the length of UL TTI which is used for feedback the HARQ-ACK, then each m value corresponds to one UL TTI. The second option is preferred here. 
It is important to note that the position of n + k + m sTTI may not be a starting point of a TTI when UL TTI length is different with DL TTI length, it should be clear that the n + k + m values should point to a transmission start from a DL/UL TTI boundary. 
Proposal 1: For LTE short TTI, the following should be defined for explicit indication of HARQ and scheduling timing: 
· For DL HARQ timing, the time unit of k is the length of DL TTI for DL data and the time unit of m is the length of UL TTI which is used for HARQ-ACK feedback. 
· For UL scheduling timing, the time unit of both k and m is the length of UL TTI which is being scheduled to transmit UL data. 
For FDD, the pointed position for DL HARQ or UL data transmission can be in any UL TTI since UL resource is always available in any time. However, this is not true for TDD, so how to indicate the additional latency m for TDD should be considered. Following options are envisioned. 
· Option 1: m is the actual additional latency
· Option 2: m is the additional latency counted only in UL TTI
For option 1, m is the actual additional latency, both eNB and UE will not have misunderstanding issues. But when the length of DL TTI is short and there are many continuous DL TTIs, several bits should be used for indicating m. For option 2, m is the additional latency counted only in UL TTI, then the minimum bits is needed for indicating m in DCI. However, the UL TTI can be used for HARQ-ACK transmission should be pre-known by the UE, otherwise the method is unusable. How to indicating the additional latency m in TDD with minimum bits in DCI can be further considered.
ACK/NACK codebook size determination
With dynamic explicit HARQ and scheduling timing design, the actual scheduling and feedback timing is determined by eNB, UE cannot know the feedback window size. Hence, how to determine the ACK/NACK codebook size should be further considered.
· Fixed codebook size

If fixed codebook size is used, UE should feedback based on the maximum feedback window size. One possible method is that the UE feedback window size is semi-static configured by eNB. In this case, eNB determine the feedback window size based on traffic situation and should not schedule more TTIs in a feedback window than configured. Another method is that the feedback window size is predefined in specification, the specific value is determined based on multiple factors, e.g., whether dynamic variable TTI length, whether HARQ-ACK corresponding to different sTTI length can be feedback in one PUCCH resource, the minimum feedback delay k, the maximum feedback window of each TTI length and so on. Alternatively, the fixed codebook size can be determined based on the maximum DL HARQ process number. 
· Dynamic codebook size
To avoid redundant feedback bits, support of dynamic codebook size should also be considered. The existing method to determine the dynamic codebook size cannot be reused directly, since it is used for carrier aggregation case only. For single carrier, if C-DAI is indicated in DCI, UE may miss the last TTI in feedback window which may cause misunderstanding between eNB and UE. For carrier aggregation, the C-DAI and T-DAI indication method can be used only when the TTI length in multiple carriers are the same and the feedback delay of a TTI in multiple carriers are the same, otherwise, new method to determine the dynamic codebook size should be considered. 
A possible solution is that eNB indicate an index in DCI, the index is counted from the first scheduled TTI in feedback window, and the index increase in next continuous TTIs no matter the TTI is scheduled or not. Meanwhile, eNB indicate feedback delay m’ in DCI (the time unit of m’ is the length of DL TTI which is used for HARQ-ACK feedback),  then both eNB and UE compute the feedback window based on the index a and feedback delay m’, e.g., the feedback window size can equal to a+m’, since the index a represents the maximum number of TTIs can be scheduled before the current TTI (including the current TTI) and the feedback delay m’ represents the maximum number of TTIs can be scheduled after the current TTI. As shown in figure 1, it is assumed that the minimum feedback delay k=6 and a is the index indicated in DCI. If data is scheduled in TTI n and TTI n+2, a equals to 1 and feedback delay m equals to 2 in TTI n, a equals to 3 and feedback delay m equals to 0 in TTI n+1, Then, both eNB and UE computes the feedback window size equals to a + m’=3, which avoids the misunderstanding between eNB and UE and the total feedback bits can be smaller than the fixed codebook size method. 
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Figure 1: Illustration of dynamic codebook size determination for same UL and DL TTI length
In case of different DL and UL TTI length, a ratio (DL TTI length/UL TTI length) can be applied to convert the time unit of m’ from the length of DL TTI to the length of UL TTI. As shown in figure 2, when DL use 2-symbol TTI and UL use 7-symbol TTI, it is assumed that the minimum feedback delay k=4 and a is the index indicated in DCI. If data is scheduled in sTTI 0/2/3 in subframe n-1, a equals to 1 and feedback delay m’ equals to 3 in sTTI0, a equals to 3 and feedback delay m’ equals to 1 in sTTI2, a equals to 4 and feedback delay m’ equals to 0 in sTTI3. Then, both eNB and UE computes the feedback window size equals to a + m’=4. The ratio 2/7  can be multiple with m’ to get the feedback position, for DL sTTI0, m’ * ratio 6/7, then after the minimum processing time 3 DL sTTI and additional feedback delay 6/7 UL TTI, the feedback position is UL sTTI0 in subframe n. Similarly, the feedback position of sTTI2 and sTTI3 can be get according to the same method.
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Figure 2: Illustration of dynamic codebook size determination for different UL and DL TTI length
For explicit HARQ and scheduling timing, the overhead of DCI is increased, but the specification impact is small, since it reduces the efforts on defining HARQ/scheduling timing for various cases, however, the codebook determination, especially for dynamic codebook size should be carefully studied. More details should be considered for the cases when carrier aggregation is supported where different carriers may have different TTI length. 
By using dynamic explicit timing, low latency can be achieved by indicating the minimum scheduling/HARQ latency for the time critical data, UL load balancing can also be supported when the system load is high or when the traffic is not that latency critical. eNB will have the full flexibility to control. Considering the flexible characteristic of explicit timing design and the forward compatibility with NR design, dynamic HARQ and scheduling timing is more preferred for short TTI.
Proposal 2: Dynamic explicit HARQ and scheduling timing is proposed for LTE short TTI. 
3 Conclusion
In this contribution, we discuss the explicit HARQ and scheduling timing for LTE short TTI and the follow proposals are given:
Proposal 1: For LTE short TTI, the following should be defined for explicit indication of HARQ and scheduling timing: 
· For DL HARQ timing, the time unit of k is the length of DL TTI for DL data and the time unit of m is the length of UL TTI which is used for HARQ-ACK feedback. 
· For UL scheduling timing, the time unit of both k and m is the length of UL TTI which is being scheduled to transmit UL data. 
Proposal 2: Dynamic explicit HARQ and scheduling timing is proposed for LTE short TTI. 
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