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1. Introduction

In RAN#67 meeting, an LTE release 13 study item on latency reduction techniques for LTE was approved [1]. Specifically, the objectives of the study item for RAN1 are as follows:
	· From RAN1#83: TTI shortening and reduced processing times [RAN1]:

· 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);


In this document, we discuss several aspects to consider shortened TTI design for uplink in LTE legacy systems. 

2. Discussion on TTI Shortening
· UL TTI structure
As mentioned in our companion document on DL design for TTI shortening [2], for short TTI, we propose to focus on 3/4 OFDM symbol length and 7 OFDM symbol length TTIs. For 7 OFDM symbol case, one slot can be used as one sTTI. Thus, a new structure may not be necessary. In case 3 or 4 OFDM symbol length is considered, to maximize the alignment between legacy subfame boundary and short TTIs and also keeping the similar DM-RS overhead, we propose the TTI structure as illustrated in Figure 1. In order to fully exploit the gain from TTI shortening, RS overhead produced by the TTI shortening technique should be minimized. Therefore, we propose sharing of PUSCH DM-RS symbol for consecutive TTIs within a slot keeping the same DM-RS symbol position with LTE legacy system. 
Proposal 1: Focus on 3/4 and 7 OFDM symbol length TTIs for shortened TTIs. 
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Figure 1. Uplink shortened TTI structure 
According to the system simulation results from our companion document [3], performance gain comes from not only shortened TTI but also fast CSI feedback. Therefore, we have to consider CSI feedback based on the shortened TTI. 
Proposal 2: Further study on CSI feedback based on shortened TTI. 

When different TTI sizes are multiplexed, HARQ ACK/NACK design would be impacted. Particularly, design of PHICH functionality and synchronous PUSCH HARQ design may need to be adapted to handle potential collisions among different TTI sizes. In terms of non-adaptive HARQ via PHICH for PUSCH, due to inherent PHICH overhead, we consider the significant benefits should be demonstrated if we like to introduce PHICH for sTTI. As a baseline, we propose to consider adaptive HARQ feedback for sPUSCH transmission. If this is used, at least sTTIs not overlapped with legacy PDCCH regions would not carry PHICH. Furthermore, support of different TTI length influence on the UE buffer management due to different interval of retransmitted sPDSCH/PDSCH reception and A/N transmission. Thus, when variable TTI or multiplexing of different TTIs is considered, careful design on HARQ ACK/NACK transmission is necessary. 

In terms of HARQ ACK timing, whether synchronous timing would be used for PUSCH needs some consideration. The downlink short TTI may not be available due to MBSFN subframe, TDD UL subframe, etc. Also, if variable or multiple TTI scheduling is adopted, ensuring control region in every short TTI may not be efficient. In that sense, asynchronous HARQ ACK timing may be considered. However, asynchronous HARQ ACK would increase the overhead of DCI, which is also critical for short TTI. 
Proposal 3: Further investigation on adaptive and asynchronous HARQ ACK for PUSCH is necessary in consideration of DCI overhead. 

3. Conclusions

In this contribution, we discussed several aspects to consider shortened TTI design for uplink in LTE legacy systems. We propose as follows:
Proposal 1: Focus on 3/4 and 7 OFDM symbol length TTIs for shortened TTIs. 

Proposal 2: Further study on CSI feedback based on shortened TTI. 

Proposal 3: Further investigation on adaptive and asynchronous HARQ ACK for PUSCH is necessary in consideration of DCI overhead. 
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