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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]There were some agreements on candidate options on UL and DL sTTI patterns in RAN1#87 meeting [1]. This document would like to discuss these options especially on 2OS sTTI case.
Discussion
2OS sTTI in UL
As the overhead of DMRS is large for 2OS UL sTTI, to use OFDM as uplink waveform for DMRS overhead reduction by FDMed between data and RS is one option. But such modification will impact PAPR/CM and have large specification impact. DMRS sharing was agreed before and it could largely reduce the average DMRS overhead. Therefore, we propose 
Proposal 1: DFT-S-OFDM is assumed as UL waveform and DMRS occupies the whole symbol as current LTE

There are two symbols within a 2OS sTTI and it is unclear whether one DMRS symbol plus one data symbol is allowed or not. To our understanding it is no problem to operate such case and more frequency resources could be used if coding rate or TBS is a concern. In addition, to allow DMRS for 2-symbol sTTI has the merit on flexibility of DMRS sharing and indication. 
Proposal 2: One DMRS symbol plus one data symbol should be allowed for 2OS sTTI in the uplink.

Transient time problem was raised in last meeting and a LS was sent to RAN4. Without knowing feedback form RAN4, it is difficult to know how large impact transient time has. It may impact sTTI design if the impact is large as what was discussed in [2]. 
Proposal 3: Transient time should be taken into account especially for two-symbol sTTI discussion. 

Intra-sTTI hopping is quite challenging for 2OS sTTI UL especially considering transient time impact and channel estimation. Let’s say the channel estimated from one PRB may not be used for another PRB which is far away in frequency domain. Frequency retuning may also need be considered. Furthermore it is unsure how large benefit we can obtain from intra-sTTI hopping especially considering 2OS sTTI is operated for good SINR UEs. Therefore we are rather in favour of not supporting intra-sTTI for 2OS UL sTTI in spite of smaller coverage of 2 OS UL sTTI because of the lack of the diversity.
Proposal 4: Intra-sTTI hopping is not supported for 2OS UL sTTI.

RS sharing was agreed before and it should be supported for any sTTI option which will be agreed in the future. 
Proposal 5: RS sharing should be allowed for any of agreed sTTI options. 

2OS sTTI in DL
In LTE there would be many legacy channels or signals like CRS, CSI-RS and PDCCH and EPDCCH. All of these legacy channels or signals should be protected in order to not impact Uu operation. 
For PDCCH dependent DL sTTI pattern, PCFICH error should be considered. In case there is some detection error on PCFICH, sTTI operation could be totally wrong. On the other hand, just to operate sTTI only within the region where PCFICH is reliable is one possibility. For PDCCH independent DL sTTI patterns, its operation is not impacted by PCFICH detection error. On the other hand, PDCCH independent DL sTTI pattern may cause orphan symbol due to variation of PDCCH symbols so the resource is wasted. To restrict PCFICH values to only allow non-orphan case may be also possible approach although it will impact PDCCH adaptation. By having these restrictions, we are ok with either PDCCH dependent or PDCCH independent DL sTTI pattern. So we propose
Proposal 6: Legacy resources like CRS, PDCCH and EPDCCH should be protected 

Combination of DL and UL length
Some options on combination of DL and UL length were proposed in the last meeting. To our view Alt 1, which only allows DL and UL length with {2,2} and {7,7} combinations, is preferred for design simplicity and progress. But this is based on the condition that transient time is a not a concern from RAN4 feedback otherwise 4 symbol UL sTTI should be considered.
Proposal 7: Alt 1 with {2,2} and {7,7} combination on DL and UL length is supported for release 14 assuming transient time is not a concern. Otherwise, 4 symbol sTTI in UL should be considered.
Conclusion
In this contribution we mainly discussed 2OS sTTI pattern and our proposals are
For 2OS sTTI in UL,
Proposal 1: DFT-S-OFDM is assumed as UL waveform and DMRS occupies the whole symbol as current LTE
Proposal 2: One DMRS symbol plus one data symbol should be allowed for 2OS sTTI in the uplink.
Proposal 3: Transient time should be taken into account especially for two-symbol sTTI discussion. 
Proposal 4: Intra-sTTI hopping is not supported for 2OS UL sTTI.
Proposal 5: RS sharing should be allowed for any of agreed sTTI options. 
For 2OS sTTI in DL,
Proposal 6: Legacy resources like CRS, PDCCH and EPDCCH should be protected 
For DL and UL sTTI combination, 
Proposal 7: Alt 1 with {2,2} and {7,7} combination on DL and UL length is supported for release 14 assuming transient time is not a big concern. Otherwise, 4 symbol sTTI in UL should be considered.
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