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1 Introduction

In RAN1#82 meeting, an agreement has been made that further study on partial TTI would be carried out considering efficiency and complexity [1].
Agreements:
· The following option is excluded for PDSCH transmission in a DL subframe on a LAA SCell
· Option 2: A DL transport block is transmitted on a subset of the OFDM symbols in the DL subframe and all OFDM symbols in the next or the previous subframe (i.e. Super TTI)
· Further study on the following options for PDSCH transmission in a DL subframe on a LAA SCell considering spectrum efficiency, eNB/UE complexity, etc
· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe (i.e. Partial TTI)
· Option 3: A DL transport block is transmitted on a subset of OFDM symbols in the DL subframe and a subset of the OFDM symbols in the next or the previous subframe within a TTI less than or equal to 1ms or in a subset or all OFDM symbols in one subframe (i.e. Floating TTI)
As a result, following agreements has been made on the last subframe of a DL Tx burst in RAN1#82bis meeting [2].
Agreements:
· DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe

· FFS how to signal the structure of the last subframe

· FFS whether to define a 13-symbol partial subframe

· FFS whether DwPTS structure with 3 OFDM symbols can be used for the last subframe

· FFS down selection
In this contribution, we discuss on LAA DL transmission burst, especially on the first subframe of a DL Tx burst.
2 Discussion on the first subframe of LAA DL transmission burst
Considering characteristic of unlicensed spectrum, LAA has been encouraged to study on a DL transmission on a subset of the OFDM symbols in the DL subframe, so called partial TTI or partial subframe [1].  Consequently, the last subframe of a DL Tx burst is allowed to reuse DwPTS structure [2]. 

Supporting of start partial subframe is worth to consider for a reason of spectrum utilization efficiency. If LAA do not support the start partial subframe, it has two choices; performs the LBT at any position and reserves the channel until the subframe boundary or performs the LBT only around at the subframe boundary. Limited LBT points will significantly reduce channel access probability of LAA which will cause throughput degradation. On the other hand, reserving the channel by transmitting the reservation signals could maintain channel access probability, but it also has overhead of reservation signal over the limited TXOP. In [3] and [4], reservation signal overhead analysed, and it was find out that up to 23.2% for worst case and average 14% of overhead will be occur when start partial subframe is not adopted. Therefore, LAA needs to be allowed to transmit PDSCH and control channels not only at the subframe boundary but also at other points. 
Observation1: Limiting a start of DL transmission (PDSCH and control channel) only at the subframe boundary will cause throughput degradation and inefficient utilization of spectrum.
Proposal1: Allow LAA DL transmission (PDSCH and control channel) starts other than the subframe boundary. 

For several reasons, LAA DL transmission start positions need to be minimized. Firstly, eNB is required to prepare TBs as same number of possible start position candidates because results of LBT is unpredictable. In addition, UE may need to blind decode the start point of the DL transmission burst. Then blind detection complexity will be increased proportional to the number of start point candidates. On the other hands, starting of DL transmission with a OFDM symbol containing CRSs will beneficial for channel estimation purpose and possible blind detection of the burst. 

Observation2: Considering eNB and UEs complexity, start candidate points of DL transmission needs to be minimized.

Observation3: For channel estimation and supporting possible blind detection of the burst, start DL transmission with an OFDM symbol containing CRSs will be beneficial.

Possible start position of DL transmission then would be limited to OFDM symbol #4, #7, #11, and #0. Start position of OFDM #0 is already supported as subframe boundary, then considering even distribution of start position candidate within a subframe, OFDM #7, which is a slot boundary, would be a proper additional point for LAA DL transmission start. 
Proposal2: LAA DL transmission (PDSCH and control channel) starts at subframe boundary and slot boundary. 
3 Conclusion
In this contribution, we discussed start position of LAA DL transmission, and propose following proposals.
Proposal1: Allow LAA DL transmission (PDSCH and control channel) starts other than the subframe boundary.  

Proposal2: LAA DL transmission (PDSCH and control channel) starts at subframe boundary and slot boundary. 
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