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1. Introduction

In RAN#72, an LTE work item on shortened TTI and processing time was approved [1]. One of the objectives of the WI is to specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH. In this contribution, we discuss several aspects on potential candidates of UL structure and the related design options for shortened TTI. 
2. UL shortened TTI structure
In order to support shortened TTI operation, it would be necessary to consider UL sTTI structure with reference signal (RS) design. We herein discuss some consideration points on UL sTTI structure and investigate the potential RS design options. 
For 2-symbol TTI length, several options of UL sTTI structure can be considered as follows. 
· Option 1: 1ms subframe consists of 7 sTTIs with 2 symbol per sTTI as illustrated in Figure 1. In this option, it would be beneficial if RS is placed at the first symbol of sTTI to enable early channel estimation and decoding. Since 1ms subframe is always comprised of the fixed number of sTTIs, it would be also relatively simple to make HARQ timeline. However, RS overhead will be unavoidable since one symbol RS is located per every sTTI. If dynamic/semi-static RS insertion is adopted as the below part of Figure 1, such RS overhead can be somewhat lessened at the expense of reduced channel estimation accuracy. 
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Figure 1. UL sTTI structure for 2 symbol TTI length with option 1

· Option 2: 1ms subframe consists of 6 sTTIs with potential 1symbol SRS per slot as depicted in Figure 2. This option can also have the advantages in terms of early decoding and simple HARQ timeline similar to option 1. Moreover, it can provide slot boundary alignment which facilitates easier multiplexing with channels having other TTI lengths so more scheduling flexibility can be offered in network perspective. On the other hand, this option may potentially induce some throughput loss since more symbols within 1ms are used for SRS transmission than legacy TTI operation. Such loss can be resolved if the resource to be reserved for SRS transmission is allowed for data transmission (e.g., with shortened PUSCH) in case SRS is not transmitted. 
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Figure 2. UL sTTI structure for 2 symbol TTI length with option 2
· Option 3: Every 2-symbol TTI has one RS symbol and one data symbol. This option would be able to minimize RS overhead and boost up the data throughput. However, sTTI structure within 1ms cannot be fixed since every symbol can be a candidate of RS symbol, and thus it would require more complicated HARQ timeline (e.g., dynamical change of the number of HARQ timelines). Obviously, as the time interval between RS and data symbol is increased, channel estimation accuracy would be also deteriorated. 
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Figure 3. UL sTTI structure for 2 symbol TTI length with option 3
For 4-symbol TTI length, several options of UL sTTI structure can be considered as follows.
· Option 1: Each sTTI has its own RS without sharing/multiplexing among different sTTIs. In this option, asymmetry sTTI structure cannot be avoided since 1ms has 14 symbols which are not multiples of 4. Thus, some combination of 4 and 3-symbol TTIs such as 4/3/4/3 or 3/4/3/4 can be considered. Due to utilization of 3-symbol TTI, the reduction of throughput or reliability cannot be inevitable compared with 4-symbol TTI, which would not be desirable in network perspective. 
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Figure 4. UL sTTI structure for 4 symbol TTI length with option 1
· Option 2: RS is shared by multiple sTTIs within the same subframe and is placed at the middle of slot as legacy DM-RS, which is illustrated in Figure 5. As already investigated in [2], this option can alleviate the concern regarding DM-RS overhead with tolerable BLER performance and provide the possibility of multiplexing even with legacy TTI by maintaining the current DM-RS symbol location. Since the allocated resource blocks for consecutive sTTIs may not be necessarily aligned, scheduling restriction or additional handling of RS would be required such as RS multiplexing in CDM manner with minimum scheduling unit, larger transmission bandwidth for DM-RS, or RS multiplexing in FDM manner. More details can be found in [2].
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Figure 5. UL sTTI structure for 4 symbol TTI length with option 2
For 1-slot TTI length, it would be natural to reuse the current DM-RS design (i.e., 1 RS symbol at the middle of a slot) and thus specification impact can be minimized. However, it is questionable how much packet latency can be reduced by using 1-slot TTI. 
In summary, UL sTTI structure should be determined by investigating pros and cons of potential candidates. Based on the above observations, it would be preferable to prioritize at least self-contained DM-RS structure for 2-symbol TTI length and DM-RS sharing for 4-symbol TTI length considering DM-RS overhead, channel estimation accuracy, and HARQ timeline.
Proposal 1: Based on the above observations, it would be preferable to consider at least options 1 and 2 for 2-symbol TTI length and option 2 for 4-symbol TTI length with consideration of DM-RS overhead, channel estimation accuracy, and HARQ timeline.
Meanwhile, one consideration point is whether to support common sTTI structure between sPUSCH and sPUCCH per TTI length. If some design commonality between sPUSCH and sPUCCH such as RS design per sTTI length is considered as much as possible, it would be more beneficial e.g, to support simultaneous transmission of sPUSCH and sPUCCH and to facilitate UL power control. Additionally, it would be helpful if some extra RS for sPUCCH is allowed for more reliability of control information. In this sense, further investigation is needed on the relation/commonality between sTTI structure of sPUSCH and sPUCCH per TTI length. 
Proposal 2: Further investigation is needed on the relation/commonality between sTTI structure of sPUSCH and sPUCCH per TTI length.
3. Conclusions

In this contribution, we discussed aspects on UL sTTI structure with the potential RS design options. Based on the above discussions, our proposals are given as follows:

Proposal 1: Based on the above observations, it would be preferable to consider at least options 1 and 2 for 2-symbol TTI length and option 2 for 4-symbol TTI length with consideration of DM-RS overhead, channel estimation accuracy, and HARQ timeline.
Proposal 2: Further investigation is needed on the relation/commonality between sTTI structure of sPUSCH and sPUCCH per TTI length.
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