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Introduction
In the TR 36.889 [1], the following options are identified as possible candidates for PDSCH transmission in a DL subframe on a LAA SCell
-	A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe
-	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
-	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
In this contribution, we discuss pros and cons of the above three options with respect to eNB/UE implementation, control signaling overhead, and computational complexity. 


Design options for DL Sub-Frame Structure  


Figure 1: Various transmission alternatives including partial, super and floating sub-frame
In the discussion below, we assume that starting and ending positions for DL burst transmission occur at the slot boundary, as discussed and evaluated in our companion contribution [2]. 

1) Partial sub-frame: In this alternative, DL transport block can be transmitted on a subset or all of the OFDM symbols in the DL subframe.  
· In this alternative, (E)PDCCH can be present in every sub-frame including the fractional sub-frame. Specifically, PDSCH in subframe n is scheduled by (E)PDCCH present in subframe n. In general, the drawback of this option is that the number of available symbols in the fractional subframe needs to be sufficient enough for (E)PDCCH allocation and initial signal. Otherwise, the resources can be underutilized if PDSCH cannot be transmitted in the fractional subframe. However, as the slot boundary is assumed for transmission, the partial subframe has sufficient resources for efficient subframe transmission.  Partial subframe can also be scheduled by defining a slot based (E)PDCCH located in the partial subframe. 
· It is possible that until the end of the LBT completion, eNB may not be able to know the exact information bits to be used after LBT. Thus, eNB must prepare a-priori for each of the possible starting position of the first partial sub-frame (and possibly following subframes) increasing the eNB complexity.  This issue with partial sub-frame design may not be significant, when starting position of the partial sub-frame is constraint to the slot boundary. 

2) Super sub-frame. In this alternative 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 sub-frame. In this alternative, a longer Super-TTI can be defined with duration more than 1ms covering the fractional subframe and the regular subframe following it (or the regular subframe and fractional subframe following it). In this design, one (E)PDCCH can schedule the PDSCH on the fractional and regular subframe. 
· Compared to partial sub-frame, super sub-frame requires increased buffering complexity. 
· Similar to partial subframe, it is possible that until the end of the LBT completion, eNB may not be able to know the exact information bits to be used after LBT. However, if the potential starting points are limited to 0 and 7 ODFM symbol, this issue may not be critical. 
· Super subframe requires new TB size definition for 1.5 ms duration sub-frame. Thus this alternative has more specification impact.
 
3) Floating sub-frame: In this alternative,  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. This reduces eNBs complexity for scheduling subframe for multiple hypothesis of starting positions compared to other alternatives as the subframe is always fixed to 1ms.  
· With floating subframe, the starting and ending positions may not aligned with the Pcell subframe boundary for all the SCell sub-frames. This may have impact on a certain implementation where PCell alignment of SCell may have been assumed. 
· Floating sub-frame transmission may collide with the PCell subframe aligned DRS transmission. Thus DRS transmission with the floating sub-frame may not be transmitted. 
· Furthermore, with all floating sub-frames in the PDSCH data burst, it may not be possible to align DL transmission to PCell sub-frame boundary. Aligning to the sub-frame boundary is particularly important, for reserving the channel for UL transmission with dynamic TDD DL/UL frame structure.  
Proposal 1: Partial subframe should be a preferred candidate for PDSCH transmission in a DL subframe on a LAA SCell. 
(E)PDCCH design options for partial sub-frame  

We propose preferred designs for (E)PDCCH based on the partial subframe for PDSCH transmission.  

Figure 2 illustrates the design option with PDCCH located at the PCell sub-frame boundary. PDCCH schedules both the fractional and following the regular sub-frame.  


Figure 2: PDCCH based option with partial subframe 

Figure 3 describes EPDCCH based design, wherein, EPDCCH transmitted in the partial subframe, scheduling the partial sub-frame. 



Figure 3: EPDCCH based option with partial subframe 

Proposal 2: Slot based EPDCCH should be defined for scheduling partial subframe. 

In case of DL only burst (i.e., no UL subframe immediately follows), as shown in Figure 3 and 4, the starting and ending sub-frame can be a partial or regular sub-frame, while all other sub-frames are regular sub-frames. 
In case UL subframes follows a DL burst, the ending sub-frame of the DL burst should be constrained to be a regular subframe to minimize the UL design impact. 

Proposal 3: In the DL only burst (i.e., no UL subframe immediately follows), the starting and ending subframe can be partial or regular subframe. In case UL subframes immediately follows a DL burst, the ending sub-frame of the DL burst should be constrained to be a regular subframe to minimize the UL design impact.  
Conclusion

In this contribution, we discussed DL TTI options for PDSCH transmission. Based on the discussion, we propose: 

Proposal 1: Partial subframe should be a preferred candidate for PDSCH transmission in a DL subframe on a LAA SCell.

Proposal 2: Slot based EPDCCH should be defined for scheduling partial subframe.

Proposal 3: In the DL only burst (i.e., no UL subframe immediately follows), the starting and ending subframe can be partial or regular subframe. In case UL subframes immediately follows a DL burst, the ending sub-frame of the DL burst should be constrained to be a regular subframe to minimize the UL design impact.  
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