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1. Introduction & Background
In RAN1 #82 meeting, discussions on discontinuous transmission were performed, and the following conclusions were agreed [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, we will discuss the issues related to discontinuous LAA Scell downlink transmission, when LBT is applied in LAA.
2. Discussion on DL transmission methods
2.1. Partial TTI
Partial TTI and floating TTI, which are illustrated in Figure 1, are identified as possible candidates for PDSCH transmission on LAA SCell. 
The benefit of floating TTI is that the current design for normal TTI can be extended with little specification effort. Nonetheless, the HARQ timing relationship between floating TTI as LAA Scell transmission and the normal TTI in Pcell needs to be carefully linked. Another issue that needs to be carefully determined is whether the DRS are also floated is the DRS is transmitted together with PDSCH. Besides, even when floating TTI is adopted, the partial TTI may still be necessary when the length of downlink transmission burst is not integer of milliseconds.  
If the partial TTI is adopted in the downlink transmission without floating TTI, the issues of floating TTI, e.g., HARQ timing, and simultaneous transmission of PDSCH and DRS, can be eliminated. The design of partial TTI may also be simplified by reusing existing design. For example, partial TTI can re-use the DwPTS design in LTE, with some restriction on the starting position of the partial TTI. 
According to the above analysis, it is suggested to consider partial TTI as baseline. The floating TTI can also be considered if the related issues, e.g., the HARQ timing relationship and simultaneous transmission of PDSCH and DRS, can be solved.
Proposal 1: It is suggested to consider partial TTI as baseline. The floating TTI can also be considered if the related issues, e.g., the HARQ timing relationship and simultaneous transmission of PDSCH and DRS, can be solved. 
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Figure1.
 Illustration of partial TTI and floating TTI 
2.2. Discussion on scheduling issue for PDSCH transmission
One important issue related to fractional subframe transmission is the DCI transmission for DL scheduling of the PDSCH in fractional subframe. Two possible DCI transmission candidates for PDSCH transmission in fractional subframe include 1) Option 1, self-subframe scheduling, 2) Option 2, cross-subframe scheduling, as shown in Fig. 3 and Fig. 4.
In Option 1, for self-subframe scheduling, the fractional subframe contains both PDSCH and PDCCH. The benefit is that this option can be support without specification modification. Nonetheless, when the fractional subframe contains few OFDM symbols, if it still contains PDCCH, the resource remained for PDSCH would be limited.
In Option 2, for cross-subframe scheduling, the control information for the fractional subframe is located in the PDCCH of the latter subframe. Two possible ways for such scheduling are a) using one joint DCI to schedule the partial subframe and full subframe, and b) using two separate DCI to schedule the partial subframe and full subframe independently. The joint DCI can save the DL control overhead, while will involving more effort on the DCI design and may also involve larger TBS design. The separate DCIs may require more DCI overhead, but with limited specification effort, e.g., indication of the scheduled subframe. 
Comparing Option 1 and Option 2, the later scheduling mechanism may require more buffer size in UE to storage received information of two continuous subframes, and the number of scheduled UEs in the normal subframe may be limited by the Option 2. Both Option1 and Option 2 are suggested to be supported for the flexibility to choose which one to use.
Proposal 2: Both self-subframe scheduling and cross-subframe scheduling are suggested to be supported.
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Figure3.
 Self-subframe scheduling illustration for fractional subframe
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Figure4.
 Cross-subframe scheduling illustration for fractional subframe
3. Conclusions
In this contribution, we discuss discontinuous transmission for LAA. Our proposals are as follows:

Proposal 1: It is suggested to consider partial TTI as baseline. The floating TTI can also be considered if the related issues, e.g., the HARQ timing relationship and simultaneous transmission of PDSCH and DRS, can be solved. 
Proposal 2: Both self-subframe scheduling and cross-subframe scheduling are suggested to be supported.
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