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1. Introduction

In RAN1 #86 meeting [1], a WF on short TTI lengths was agreed as quoted below:

· For frame structure type 1, the following principles on short TTI length shall be supported:
· The length of sPUCCH is the same or longer than the length of the DL sTTI carrying the associated sPDSCH
· The length of sPUSCH is the same or longer than the length of the DL sTTI carrying the associated UL grant
· The TTI length of sPUSCH is the same as that of sPUCCH in a given subframe for one UE
· FFS on specific TTI length combinations between DL and UL including possible down-selection of combinations
· FFS whether to support the combination of TTI lengths between sPDSCH with shortened DL TTI and PUCCH with 1ms UL TTI for FS1 and FS2
In this contribution, we discuss on HARQ process for slot-based data transmission with consideration on slot-based or subframe-based PUCCH/PHICH.
2. Discussion

Currently, the short TTI lengths are considered to be 2/4/7 symbols. Different shortened TTI lengths would have different impacts on DL/UL control channel, DMRS, HARQ process. Since the channel structure in legacy is similar for each slot, the slot-based TTI has less specification impact [2] and easier to preserve backwards compatibility since most legacy design can be reused. 
When TTI length is shortened, the decoding loading per TTI may be reduced as well. The processing time between data transmission and HARQ-ACK can be less than 4ms. In case of shortening TTI length, denoted as s_TTI, as one slot, and DL data is received in s_TTI n, the HARQ-ACK may be feedback in s_TTI n+4 or in s_TTI n+6. It depends on whether the processing time can be reduced proportionally to the shortened TTI length [3]. Accordingly, the processing time between HARQ-ACK and expected data retransmission may be reduced as well. As an instance shown in figure 1, the RTT of DL1 is shortened to 4ms with processing time 4 s_TTI. The figure 1 assumes that HARQ-ACK can be reported in slot-shortened PUCCH, such that the same HARQ process characteristic can be kept. For FDD, the RTT may be kept in 8 s_TTI lengths as similar as legacy HARQ process with difference on TTI length.
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Figure 1
Based on current PUCCH structure for HARQ-ACK, the slot-shortened PUCCH may be achieved with some impacts. For instance, PUCCH format 1a/1b is separated into two slot-shortened PUCCH format 1a/1b. It will increase the code rate and loss frequency diversity gain with one slot transmission, thus slot-shortened PUCCH format 1a/1b may suffer coverage shortening. For PUCCH format 3, the current structure cannot allow successful information decoding via one slot receiving. It requires further design to achieve slot-shortened PUCCH format 3. Similarly, for delivering HARQ-ACK corresponding to slot-shortened UL data transmission, it requires additional design to support new PHICH in second slot of a DL subframe since current PHICH is only transmitted in first slot of a DL or special subframe. 
To avoid such impact on coverage shrink and design complexity of slot-shortened PUCCH/PHICH structures, another way is to use legacy PUCCH/PHICH for HARQ-ACK feedback. As shown in figure 2, the HARQ-ACK feedback of two slot-shortened DL1 and DL2 data transmissions are transmitted via one subframe-based PUCCH. The RTT may be kept in 8 shorted TTI lengths if the associated timings between DL transmission and HARQ feedback are adjusted with one s_TTI shift for the first slot DL1 and second slot DL2. The associated timing requires consideration of sufficient processing time for both DL1 and DL2.
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                                                                       Figure 2
As descripted above, there are two ways to handle HARQ process for slot-based TTI. One (Figure 1) is to keep similar HARQ process characteristic as normal TTI with slot-based PUCCH/PHICH design. The other one (Figure 2) is to reuse legacy PUCCH/PHICH. The HARQ timing association may require adjustment to keep same HARQ process characteristic. In other word, the HARQ timing association depends on either slot-based PUCCH/PHICH design or subframe-based PUCCH/PHICH. If slot-based PUCCH/PHICH is utilized for HARQ feedback of slot-based data transmission, similar HARQ process characteristic, e.g HARQ timing association and RTT, as legacy is kept with shortened TTI length. If subframe-based PUCCH/PHICH is utilized for HARQ feedback of slot-based data transmission, different HARQ timing association is applied for first slot data transmission and second slot data transmission to keep the same RTT. 

Generally, it can be summarized that the HARQ timing association design depends on whether the short length of HARQ feedback and the associated data transmission are the same. If not, adjustment on HARQ timing association is required to keep the same RTT for each HARQ processes. 
Proposal 1: 
If the length of sPUCCH is the same as the length of the DL sTTI carrying the associated sPDSCH, similar HARQ process characteristic, e.g HARQ timing association and RTT, as legacy is kept with shortened TTI length.
Proposal 2: If the length of sPUCCH is longer than the length of the DL sTTI carrying the associated sPDSCH, different HARQ timing association are applied for the multiple associated sPDSCHs to keep the same RTT.
3. Conclusion

In this contribution, we discuss on HARQ process for slot-based data transmission with consideration on slot-based or subframe-based PUCCH/PHICH. Based on the discussion, we have following proposals:
Proposal 1: 
If the length of sPUCCH is the same as the length of the DL sTTI carrying the associated sPDSCH, similar HARQ process characteristic, e.g HARQ timing association and RTT, as legacy is kept with shortened TTI length.
Proposal 2: If the length of sPUCCH is longer than the length of the DL sTTI carrying the associated sPDSCH, different HARQ timing association are applied for the multiple associated sPDSCHs to keep the same RTT.
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