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Introduction
In RAN1#82, it was agreed that partial TTI is considered as an option for PDSCH transmission on an LAA SCell. Furthermore, in RAN1#82bis, it was agreed that [1]: 
· DL transport block in the last subframe of a DL data 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
[bookmark: _GoBack]In this contribution we provide details of the design issues related to partial TTI. We focus on the design choices related to starting partial subframe and further discussion related to the last partial subframe. 
Transmission of LAA DL burst
Figure 1 describes an illustration of DL burst transmission with partial subframes. As LBT can be completed at any time before the allowed starting positions, an LAA eNB may reserve the channel by sending some signals immediately after the completion of LBT until the next available starting position of DL transmission. The ending position of the DL burst may depend on the maximum channel occupancy time. In the following discussion, we refer the first subframe in the DL data burst as the starting partial subframe, if the number of symbols within the first subframe is less than 14 symbols and the subframe does not start at the PCell subframe boundary. We refer the last subframe in the DL burst as ending partial subframe, if the number of symbols within the last subframe is less than 14 symbols and the subframe starts at the PCell subframe boundary. 


Figure 1: Illustration of an LAA DL burst transmission
Staring partial subframe design 
In our companion contribution [3], we proposed to limit the possible starting positions for the DL burst transmission to symbols indexed {0, 7} (with respect to the PCell subframe boundary). In this section, we provide further details of the starting partial subframe design. 
A partial subframe starting from OFDM symbol 7 can use the truncated version of the existing LTE subframe for the purposes of defining various channels and the reference signal mapping. Specifically, the partial subframe consist of 7 symbols may use the exact RE mapping from symbol #7 as defined in LTE subframe or by remapping the REs of the first slot in the normal LTE subframe to the second slot, while leaving the initial 7 symbols empty within the partial subframe as shown in Figure 2. 


Figure 2: An illustration of a partial subframe starting at OFDM symbol 7 
Considerations for the TB scaling within starting partial subframe:

To determine the TB sizes with the partial subframe, a rule based on the number of symbols within partial subframe can be defined similar to TB scaling defined for Downlink Pilot Time Slot (DwPTS) configuration in [4]. Equivalent RBs for the partial subframe can be calculated as , where  is the total number of allocated RBs,   is a scaling factor that depends on the choice of the starting symbol position x, which is 7 when the partial subframe starts at the second slot boundary. The TBs sizes for the partial subframe can be calculated based on the equivalent RBs and Table 7.1.7.2.1-1 in [4]. 
As argued in [5] to define a new TB scaling for new special subframe configuration 9 consisting of 6 symbols, the code rate of the new configuration should be kept almost the same as the normal DL subframes when the same MCS index is used. This could reduce the eNB link adaptation complexity. Consider normal DL subframes with 3 OFDM symbol control overhead. Then there exist 12 CRS REs in one PRB pair assuming 2 CRS ports. The number of available data REs for PDSCH transmission within one RB pair is then given by  REs. In the partial subframe consisting of one slot, consider 2 OFDM symbol control overhead. Then there are 4 CRS REs assuming 2 CRS ports. The number of data REs for PDSCH transmission with one PRB can be calculated as are  REs. Thus, the ratio of REs in one slot length partial subframe to normal subframe RE ratio is 56/120 = 0.466. As a design principle, the new scaling factor should minimize the impact of rounding function of different number of allocated PRBs. For LAA, with a typical 20 MHz bandwidth the resource block group size is 4 and the number of PRBs allocated to an UE is a multiple of 4. Thus, we can consider the scaling factor to be 0.5 as a closest approximation to 0.466 which can minimize the impact of rounding function of different number of allocated PRBs.
We could consider the existing scaling of a(x) = 0.375 defined for configuration 9 consisting of 6 symbol to minimize the specification impact. However, scaling a(x) = 0.5 may be preferred as it provides better utilization of the resources within the partial subframe. 
Proposal 1: The TB scaling factor of 0.5 is preferred for the partial subframe containing 7 OFDM symbols if defined.  
Considerations for the PDCCH design within starting partial subframe:
For slot aligned partial subframes, a new PDCCH mapping can be defined by remapping the existing PDCCH REs from symbol 0 (as currently defined in Release-12 LTE), to symbol 7 as shown in Figure 3. 


Figure 3: An illustration of PDCCH mapping for partial subframe
Figure 4 below shows an illustration of PDCCH transmission over a first partial subframe consisting of one slot.



Figure 4: PDCCH transmission in partial subframe  

 Proposal 2: PDCCH starting from the second slot can reuse existing PDCCH design by remapping the RE positions.  
Considerations for the ePDCCH design within first partial subframe:
The ePDCCH is transmitted using aggregation of {1, 2, 4, 8, 16, 32} consecutive ECCEs (Enhanced Control Channel Elements) decided based on link adaptation. ECCE combines 4 or 8 Enhanced Resource Element Groups (EREGs) consisting of one or several PRB pairs. For partial subframe, the existing 16 EREGs per PRB pair mapping can be reused. For the formation of ePDCCH within a partial subframe, ePDCCH can use the existing EREG within the second slot only as shown in Figure 5.  


Figure 5: An illustration of EREG 0 mapping for partial subframe within second slot
The ePDCCH transmission within the partial subframe starts at symbol 7 and ends at symbol is 13 spanning over 7 symbols. This ePDCCH design for partial subframe inherits from the existing design for normal subframe and DwPTS design. Furthermore, the aggregation level and numerology remain the same as already defined in Rel-12 ePDCCH. With the considered ePDCCH design within partial subframe, if the ePDCCH is transmitted on a partial subframe, then PDCCH is not transmitted.  Figure 6 shows an example of ePDCCH transmission over a first partial subframe consisting of one slot. 


Figure 6: ePDCCH transmission in partial subframe 
Proposal 3: The ePDCCH for starting partial subframe consisting of one slot can reuse the existing EREG mapping. 
Ending partial subframe design 
In our companion contribution [3], we considered OFDM symbols {2,5,8,9,10,11,13} as possible ending positions of the DL burst based on the existing DwPTS design. The RE mapping, TB scaling, PDCCH and ePDCCH design for the existing DwPTS design can be reused without any change in the specification. 
Observation 1: Ending partial subframe can reuse existing DwPTS design. 
It is possible to further optimize the DwPTS design to enable efficient PDSCH transmission by scheduling the available resources in the partial subframe by (e)PDCCH transmitted within the previous subframe. This option can be particularly appealing for partial subframes containing small number of OFDM symbols such as 3 or 6. As one of the options, (e)PDCCH on the previous normal subframe can schedule the resources of the ending partial subframe as shown in Figure 7 and Figure 8. 


Figure 7: PDCCH scheduling the following ending partial subframe  



Figure 8: ePDCCH scheduling the following ending partial subframe  
Observation 2: The (e)PDCCH in the previous normal subframe can also schedule the following ending partial subframe to efficiently utilize the resources in DwPTS. 
Conclusion
In this contribution, we discussed design options for the first and ending partial subframes. Our proposals and observations are summarized below. 
Proposal 1: The TB scaling factor of 0.5 is preferred for the partial subframe containing 7 OFDM symbols if defined.  
Proposal 2: The PDCCH starting from the second slot can reuse existing PDCCH design by remapping the RE positions.  
Proposal 3: The ePDCCH for starting partial subframe consisting of one slot can reuse the existing EREG mapping. 
Observation 1: Ending partial subframe can reuse existing DwPTS design.  
Observation 2: The (e)PDCCH in the previous normal subframe can also schedule the following ending partial subframe to efficiently utilize the resources in DwPTS.
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