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1 Introduction

In the RAN plenary #69 meeting [1], the study item, “Study on Latency reduction techniques for LTE”, was approved aiming to reduce response time and improve TCP throughput. Especially RAN1 has been focusing on the areas including TTI shortening and reduced processing times. 

As far RAN1#84bis meeting, there were some agreements for TTI shortening for uplink transmissions on PUSCH. The following notable issues are additionally agreed in RAN1 #84bis meeting [2].

Working Assumption: 

· 1-OFDM-symbol sTTI length will not be further studied
Agreements:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH

· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)

· Dropping/prioritization rules (if any) are FFS 
In this contribution, we provide our view on the some design aspects for short PUSCH design and relevant DMRS design as well.

2 PUSCH transmission in a short TTI
According to the agreements and working assumptions made during RAN1 #84 and #84bis meetings, in case of sPUSCH, none of shortened TTI spans over subframe boundary. Based on given the design criterion, 7-symbol, 4-symbol, 3-symbol and 2-symbol TTIs could be one of strongly potential candidates in order to maximize the latency reduction effect. Considering a DMRS design of sPUSCH, 7-symbol TTI design can fully reuse current PUSCH-DMRS structure and also minimize specification impact. The other cases, which are smaller than one slot, lead to make new PUSCH-DMRS design and would need to more elaborate work than we expected. Aspects of reusability and latency reduction gain among sTTI design candidates are summarized are as follows
· In case of 7-symbol sTTI, 
· Reusability: The existing PUSCH-DMRS structure can be fully reused, so specification impact relevant to standardization process could get to be minimized.
· Latency reduction gain: UL latency reduction for data transmission could not takes a definite effect as compared with the other cases of which length is shorter than 7-symbol sTTI. 
· In case of 4-symbol or 3-symbol sTTI, 
· Reusability: The existing PUSCH-DMRS structure seems to be partially reused. Depending on PUCH-DMRS structure difference between the existing case and new design, the specification impact relevant to standardization process, especially from an aspect of physical layer design, can make it smaller. i.e. Figure 1 would be supposed to be preferable sTTI structure of PUSCH.
· Latency reduction gain: UL latency reduction effect for data transmission seems to be obvious as compared with the cases with 7-symbol sTTI. 
· In case of 2-symbol sTTI, 
· Reusability: The existing PUSCH-DMRS structure seems not to be reused. In addition, DMRS overhead should be considered if we keep the RS design occupying one symbol.
· Latency reduction gain: UL latency reduction effect for data transmission seems to be clear. Especially DL latency reduction effect also can be optimized since UL latency impact to DL process is enough small or negligible.
Proposal 1: Considering reusability of sPUSCH-DMRS design, 2, 3, or 4-symbol TTI can be introduced in latency reduction study.
2.1 DM-RS design for short PUSCH
Considering DM-RS overhead, it is preferable that at least two sTTI should share DM-RS symbols. Especially in case of 2-symbol sTTI, if DMRS with sPUSCH is included in every sTTI, DMRS overhead will exceed intolerable range. This is because legacy type of DMRS should occupy fully SC-OFDMA symbols to keep single carrier property. Therefore, in our paper, we have focused on shared symbol-based DMRS design for 2, 3 and 4-symbol sTTIs.

If DMRSs are shared between two sTTIs, they can be multiplexed by overlapping DMRS symbols. For 3 or 4-symbol case, legacy DMRS location can be partially reused as the way illustrated in Figure 1. To increase the DMRS sharing effect, consecutive sTTI allocation to single UE will take clear performance gain by avoiding DMRS overlapping, which is directly connected to minimize channel estimation loss. However, it could induce scheduling restriction, and so this kind of approach may be proper for sparse UE dropped scenario or low-load situation.

Further consideration on DM-RS multiplexing, we can take into account two alternatives, which are CDM and FDM. We prefer to exclude OFDM manner-based DMRS location. Since it cannot keep single carrier property, it would be not only big spec impact and changes but also PAPR increase. The multiplexing method in CDM manner can easily implement by using different cyclic shift of ZC sequences, and another approach in FDM manner e can introduce by using orthogonal REs within same DMRS symbol.
Proposal 2: Considering overhead reduction due to the symbol-wise RS allocation, Shared DMRS design for sPUSCH structure can be introduced in a shortened TTI design.

In addition, we also should consider the overlapping issues between sTTI region and legacy SRS symbols as illustrated in Figure 1. Since protection of legacy signals should be considered, it is proper that sTTI region invading a SRS symbol is excluded from sTTI design or data packet size is re-adjusted excluding overlapping symbol region within its sTTI.

Proposal 3: sPUSCH within at least the last sTTI within same subframe would be defined considering overlapping issue between sTTI and SRS symbol
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Figure 1. DM-RS sharing design concept considering legacy SRS symbol

3 Conclusion

In this section, we discuss short PUSCH (sPUSCH) design related aspects of UL physical layer issues with TTI shortening especially including overlapping issue between sTTI and SRS symbol. Our proposals are given as follows:

Proposal 1: Considering reusability of sPUSCH-DMRS design, 2-symbol sTTI and 4 or 3-symbol TTI can be introduced in latency reduction study.
Proposal 2: Considering overhead reduction due to the symbol-wise RS allocation, Shared DMRS design for sPUSCH structure can be introduced in a shortened TTI.
Proposal 3: sPUSCH within at least the last sTTI within a subframe would be defined considering overlapping issue between sTTI and SRS symbol
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