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1 Introduction
In RAN#67, the SI of latency reduction was approved, which aims to study enhancements to the E-UTRAN radio system in order to [1]: 
· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE.
· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).
TTI shortening and reduced processing times should be studied in RAN1, including the following aspects:
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling.

· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel-13 UEs on the same carrier).
This contribution discusses processing time reduction and related procedures including HARQ timing and TTI bundling. 
2 Discussion 
2.1 HARQ timing 
In current LTE FDD, if the UE detects a PDSCH in subframe n-4, it should send a HARQ-ACK in subframe n. Similarly, an HARQ-ACK received by PHICH in subframe n is associated to PUSCH transmission in subframe n-4. The delay of 4 subframes of data-to-ACK/NACK provides large potentials in latency reduction. With TTI shortening, the processing times of eNB/UE can be assumed to scale with the TTI length. This can also be assumed for HARQ timing. 
As agreed in the RAN1 #84[2], the length of short TTI can be variable and TTI length for DL and UL can be different. In different cases, HARQ timing and retransmission can be different. 
Same TTI lengths for DL and ULIn the case of same TTI lengths for DL and UL, HARQ timing can be simply reduced to n+4*TTI. Two typical cases are 4-3-symbol or 2-symbol TTI for both DL and UL. As an example shown in Figure 1, HARQ timing of 4-3-symbol TTI is presented. If sPDSCH is transmitted in sTTI n, HARQ-ACK feedback for PDSCH will be in sTTI n+4. For UL retransmission, synchronous HARQ can be preserved since HARQ timing is simple and similar to the legacy LTE. It would be first considerable choice to keep the same TTI lengths for DL and UL to reduce system complexity. 
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Figure1. HARQ timing of 4-3-symbol TTI for both DL and UL
Different TTI lengths for DL and UL
If the TTI lengths of DL and UL are different, HARQ timing could be complicated since the TTI of DL and UL may not be aligned. This will also cause that DL or UL HARQ timing may be different. In such cases, new HARQ timing rules need to be studied, and asynchronous UL HARQ could be more suitable for its flexibility.  However, it should be well justified for the advantages to configure different TTI lengths for DL and UL. 
Observation 1: In the case of same TTI lengths for DL and UL, HARQ timing can be reduced to n+4*TTI and UL synchronous HARQ can be preserved. 

Observation 2: In the case of different TTI lengths for DL and UL, new HARQ timing should be studied and UL asynchronous HARQ have to be supported. 
Proposal 1: It is preferable to keep the same TTI lengths for DL and UL to have simple design of HARQ scheme.
2.2 Latency reduction for uplink
For uplink in current specification, channel interleaving is performed for the coded bits. In the channel interleaver, the coded bits are written into the interleaver matrix by the increasing order of first the column number, then the row number. In this way, the system bits are spread to all SC-FDMA symbols of the TTI, and eNB can decode the data only when it receives all the SC-FDMA symbols of the TTI. It is disadvantageous for reduction of the processing delay. Instead, we propose that the coded bits are written into the interleaver matrix by the increasing order of first the row number, then the column number. That is, the coded bits are mapped to the resource elements by each SC-FDMA symbol in the order of time domain. With this scheme, UL and DL bit mapping can be aligned.
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Figure2. Proposed channel interleaver for sPUSCH
The performance impact of the proposed mapping scheme is very small, considering sTTI have much less time diversity than that for normal TTI. Using this method, it is possible for eNB to decode the data before receiving all symbols of the TTI. In addition, if the code rate in one symbol is less than 1, eNB could decode the data after receiving the first symbol of data.

Proposal 2: For sPUSCH, he coded bits are mapped to the resource elements in frequency-first manner for each SC-FDMA symbol.

3 Conclusion

In this contribution, we discussed several issues related with processing time reduction and related procedures. The latency reduction should take consideration in the above listed area to make it feasible. According to the analysis given above, we have the following observations and proposals:
Observation 1: In the case of same TTI lengths for DL and UL, HARQ timing can be reduced to n+4*TTI and UL synchronous HARQ can be preserved. 

Observation 2: In the case of different TTI lengths for DL and UL, new HARQ timing should be studied and UL asynchronous HARQ have to be supported. 

Proposal 1: It is preferable to keep the same TTI lengths for DL and UL to have simple design of HARQ scheme.
Proposal 2: For sPUSCH, the coded bits are mapped to the resource elements in frequency-first manner for each SC-FDMA symbol.
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