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1 Introduction
The study item “Study on latency reduction techniques for LTE” [1] targets significantly reduced packet latency over the LTE Uu air interface for an active UE. TTI shortening is applied at both DL and UL such that latency could be improved. 
In this document we discuss some aspects to support TTI shortening in UL, focusing on UL reference signal design, PUCCH and HARQ operation for S-PUSCH.   
2. Discussion
2.1 Uplink reference signal
In LTE, PUSCH is based on single carrier transmission using DFT-S-OFDM. Two SC-FDMA symbols are dedicated to DMRS and the remaining 12 SC-FDMA symbols can be allocated for data transmission. 

One S-TTI may span one or a few SC-FDMA symbols. Under the assumption that the single carrier property is maintained for S-PUSCH, a dedicated SC-FDMA symbol in S-TTI is required for DMRS. The DMRS overhead  might be large (e.g., 50% for 2-symbol S-TTI and 33% for 3-symbol S-TTI) for small S-TTI lengths. Approaches to reduce DMRS should be investigated to mitigate the RS overhead issue. 
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Figure 1:  One example of a DMRS symbol shared by multiple S-TTIs.

One approach to reduce DMRS overhead in an S-TTI is to multiplex DMRS symbols of multiple S-PUSCHs within one symbol, as illustrated in Figure 1. CDM between DMRS symbols is achieved by employing different cyclic shifts of a CAZAC code and TDM can be used for the associated S-PUSCH data multiplexing. In order to further reduce the RS overhead, DMRS symbols can be transmitted in part of the S-TTIs in case multiple S-PUSCHs are scheduled for a given UE within a time window. 
Proposal 1: One DMRS symbol can be shared by multiple S-TTIs to reduce DMRS overhead. 
For 2-symbol S-TTI, the position of UL DMRS should be flexible to maintain reasonable RS overhead with acceptable demodulation performance. The main benefit of dynamic DMRS position allows eNB to adapt multiplexing of DMRS from multiple UEs for different scenarios (e.g., high/low Doppler, MCS values, traffic load), thereby improving the S-TTI resources utilization. 
Proposal 2: For 2-symbol S-TTI, the position of UL DMRS can be dynamically placed. 

2.2 PUCCH 

Latency performance is directly impacted by the SR periodicity. In LTE, the S-PUSCH delay can be up to several ms even if the shortest SR periodicity (i.e., 1ms) is configured. Supporting SR on S-PUCCH is important to enable lower SR periodicity and meet the latency reduction target. 

In addition, HARQ-ACK is transmitted on PUCCH in response to downlink data transmission. To minimize the DL latency, supporting HARQ-ACK on S-PUCCH is desirable so as to allow HARQ-ACK to be transmitted as soon as possible after S-PDSCH decoding. More specifically, HARQ-ACK bundling cross multiple S-PDSCHs within a time window can be considered to reduce the number of HARQ-ACK bits on S-PUCCH to improve HARQ-ACK coverage. 
Supporting fast CSI feedback on S-PUCCH involves a tradeoff between control overhead and DL throughput performance gain. In general, faster CSI feedback than in a legacy LTE system can be beneficial in case of a fast time-varying channel due to the reduced gap between the instance at which the CSI is measured and the instant at which it is applied. On the other hand, supporting CSI feedback on S-PUCCH results in a 5-bit UCI increase, which requires an S-PUCCH format with a larger UCI capacity but lower multiplexing capacity. Thus, the amount of S-PUCCH resources may increase, resulting in a decrease of the S-PUSCH throughput. Considering the S-PDSCH performance with fast HARQ-ACK feedback and legacy CSI feedback rate can still significantly improve the performance, while fast CSI feedback provides marginal gain for large FTP packet sizes (e.g., 1 Mbits and larger) [2], it is FFS whether to support CSI feedback on S-PUCCH. 

Proposal 3: At least HARQ-ACK and SR bits should be supported on S-PUCCH in S-TTI. 
2.3 HARQ for S-PUSCH
The HARQ timing for S-PUSCH depends on UE and eNB processing time. Given that the PUSCH CTC decoding time is typically proportional to the TB size (although it also depends on the particular implementation), the processing time for PUSCH in S-TTI is expected to be reduced due to the inherently smaller TBS size used for S-PUSCH transmission. 
Proposal 4: Shorter values for UL grant to S-PUSCH delay and S-PUSCH retransmission delay should be supported. 

As of Rel-13, synchronous HARQ is used for the UL. The benefit of the synchronous HARQ protocol is that it results in smaller DL control overhead by using PHICH. On the other hand, the asynchronous protocol allows for more flexibility in the scheduling of PUSCH retransmissions. Considering that the instantaneous UL data rate can vary, allowing for flexible retransmission scheduling can benefit UL latency reduction. Additionally, supporting asynchronous HARQ reduces the standardization effort as there is no need to specify a PHICH channel in S-TTI. 
Proposal 5: Asynchronous HARQ can be considered for S-PUSCH transmission. 
3. Conclusions
In this contribution, we discussed our views on some aspects to support TTI shortening in UL. Based on the discussion, we have the following proposals: 
Proposal 1: One DMRS symbol can be shared by multiple S-TTIs to reduce DMRS overhead. 

Proposal 2: For 2-symbol S-TTI, the position of UL DMRS can be dynamically placed. 

Proposal 3: At least HARQ-ACK and SR bits should be supported on S-PUCCH in S-TTI. 

Proposal 4: Shorter values for UL grant to S-PUSCH delay and S-PUSCH retransmission delay should be supported. 

Proposal 5: Asynchronous HARQ can be considered for S-PUSCH transmission. 
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