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1. Introduction
In order to improve the transmission efficiency, LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT. In RAN1 82 meeting, the following were agreed regarding PDSCH transmission in LAA DL partial subframes [1]:
· 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)
In this contribution, the details for floating TTI design are further discussed.
2. Details for floating TTI design

The length of floating TTI is fixed as 1ms. Hence, eNB could always prepare the data for a whole subframe of 1ms as in the current implementation. This solution significantly reduces the standardization and implementation complexity to utilize the LBT subframe, as the handling of partial subframe for data transmission is avoided. Existing PDSCH scheduling can be reused without considering the variable available number of OFDM symbols. However, how to mapping the OFDM symbols of floating TTIs to transmission antenna should be further discussed. In general, two options can be considered for floating TTIs mapping:

· Option 1: Sequential floating TTI mapping
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Figure 1: Sequence mapping method for floating TTI
With this option, the design of all the channels and reference signals in floating TTIs is the same with current normal subframes, except that the OFDM symbols of floating TTIs on LAA cells are mapping to transmission antenna in sequence and aligned with the floating TTI boundary. 
In this case, ways to let the UE know the floating TTI boundary i.e. PDCCH/EPDCCH starting position is necessary. As discussed in [2], generally two ways can be considered, i.e. UE derives the floating TTI boundary by PDCCH/EPDCCH blind detection or the initial signal detection. If PDCCH/EPDCCH blind detection is used, PDCCH/EPDCCH blind detection attempts can be distributed into different starting points to reduce the UE complexity and power consumption. As shown in figure 2, symbols 0 and 7 are assumed as starting positions for DL burst transmission. For the UE-specific search space on LAA cell, the number of PDCCH/EPDCCH candidates that UE should monitor in each starting position is reduced, which can be half of the number defined in current specification. Note that by doing this, the potential candidate floating TTI starting position will be limited thus reduce the gain of floating TTI. However, this option is friendly to DRX UEs since UEs wake up in middle of the TXOP are able to receive data.
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Figure 2: Illustration of distributed PDCCH/EPDCCH candidates
On the other hand, if the initial signal detection is used, the potential candidate starting positions of floating TTI does not needs to be limited and spectrum efficiency can be increased. However, DRX UEs may miss the initial signal  such that downlink data may only be received in the next TXOP, therefore the efficiency is reduced for these UEs. To solve this DRX issue, the initial signal may be repeated in each of the floating TTI within a TXOP, which increase the overhead. Therefore, the overall benefit of the initial signal detection method is not clear compared to the PDCCH/EPDCCH blind detection method. 
Since the DRS will be transmitted according to the PCell subframe timing, in this option, the reference signals in data burst can collide with those in the DRS burst if a subframe contains both data and DRS burst. Hence, the floating TTI should be transmitted aligned with system subframe boundary during the DMTC window as shown in figure 3. This can be done by using category 4 LBT and self-defer. In addition, transmission method in DwPTS can be reused in DMTC window for multiplexing of DRS and PDSCH/DMRS if the last several OFDM symbols are reserved for LBT.
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Figure 3: Multiplexing of DRS and PDSCH/DMRS in DMTC
· Option 2: Cyclic floating TTI mapping
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Figure 4: Cyclic mapping method for floating TTI
In this option, the positions of CRS/DMRS/PDCCH/EPDCCH follow the Pcell subframe timing, only the PDSCH is transmitted according to the floating TTI. Therefore, the start position of floating TTIs can be explicit informed to the UE by control information in PDCCH/EPDCCH since the position of PDCCH/EPDCCH is aligned with PCell subframe boundary and is known to the UEs. But the scheduling method with EPDCCH for the last floating TTI in TXOP should be further considered. 
The cyclic mapping method for floating TTIs is shown in figure 4, in this example, the eNB starts DL transmission from OFDM symbol #7 of subframe #n from Pcell timing and mapped the prepared OFDM symbol #7-#13 into Pcell subframe #n. Then the eNB mapped the prepared OFDM symbol #0-#6 into the next subframe#n+1 from the Pcell timing.  
Note that with this option, the potential starting position of floating TTI does not needs to be limited, such that the spectrum efficiency gain of floating TTI can be maximized. Note that there will still be minor limitation that the two consecutive OFDM symbols carrying the DMRS or CSI-RS should not be separated. This option also works well with DRX UEs which maximum the scheduling flexibility, without requiring additional solutions. 
3. Conclusions

In this contribution, we discuss two options for floating TTI transmission in LAA DL. Based on the analysis in section 2, cyclic mapping method for floating TTI is preferred from spectrum efficiency and scheduling flexibility perspective. 
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