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Introduction
[bookmark: _GoBack]In RAN1-#82, it was agreed that partial subframe would be considered as a potential option for PDSCH transmission in a DL subframe on a LAA SCell. In addition in RAN1-#82bis, it was agreed that [1]: 
· 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 further provide details of the design issues related to the partial subframe with focus on the starting and ending positions of the DL data burst. 
Starting position of the DL burst 
In our previous contribution [3], we evaluated the impact of the choice of starting positions on the system performance. The results are also provided in the appendix to make the contribution self-contained. The evaluation results suggest that the performance improvement by allowing partial subframes is maximized if the allowed starting positions are evenly spaced within the subframe. From the simulation results, it was also observed that the performance improvement by introducing more than two starting positions is marginal.
Observation 1: Allowing more starting positions leads to better system performance, especially when multiple positions are evenly spread. It was observed that the performance gain of allowing two starting positions over a single starting position, (i.e., starting position only at subframe boundaries), is up to 30%. Additional performance improvement by having more than two starting positions is marginal. 
Based on the above observation, slot boundaries (i.e. OFDM symbols {0, 7} for normal CP) can be chosen for possible starting positions as a tradeoff between the complexity and performance improvement. In addition, the PDCCH transmission within the partial subframe that consists of a single slot can be based on the existing subframe design, as described our companion contribution [4].
The starting positions of the DL burst may further be restricted based on the choice of the scheduling policy (i.e. self-scheduling or cross-carrier scheduling). If self-scheduling is used for the DL assignment, eNB may choose symbol 0 or symbol 7 as the starting point. In the case of cross-carrier scheduling where the (E)PDCCH is transmitted on PCell, the eNB needs to complete the LBT on the unlicensed SCell before the transmission of the (E)PDCCH on the PCell, which always starts at the subframe boundaries. Thus, the starting position should be restricted to symbol 0 for cross-carrier scheduling. 
Proposal 1 : For self-carrier scheduling, we propose to support OFDM symbols {0, 7} as the starting positions for DL data bursts on LAA SCell.  
Proposal 2: For cross-carrier scheduling, we propose to limit the starting position of DL data bursts to the subframe boundary. 
Ending position of the DL burst 
The ending symbol position of the DL burst can be determined by taking into account maximum channel occupancy time (MCOT) limit. 
It was agreed in RAN1 #82bis that DL transport block in the last subframe of a DL burst can be transmitted using DwPTS structure, or a full subframe. Thus, possible choices of the ending position are symbols {2, 5, 8, 9, 10, 11, 13}.  
It is FFS whether the partial subframe containing 13 symbols (or partial subframe ending in symbol 12) needs to be defined. Our view is not to support this option as its performance improvement can be marginal.
It is also FFS whether the partial subframe based on DwPTS configured with 3 symbols should be considered, although it may not allow PDSCH transmission. In our view, the partial subframe consists of 3 symbols has benefits as it can carry DL control signaling via PDCCH. 
Proposal 3: We propose to support OFDM symbols {2, 5, 8, 9, 10, 11, 13} as the possible ending positions for DL burst transmission on LAA SCell.   
Conclusion
In this contribution, we discussed options on starting and ending positions for DL burst transmission after completion of LBT. Our proposals and observations are summarized below. 
Observation 1: Allowing more starting positions leads to better system performance, especially when multiple positions are evenly spread. It was observed that the performance gain of allowing two starting positions over a single starting position, (i.e., starting position only at subframe boundaries), is up to 30%. Additional performance improvement by having more than two starting positions is marginal. 
Proposal 1: For self-carrier scheduling, we propose to support OFDM symbols {0, 7} as the starting positions for DL data bursts on LAA SCell.  
Proposal 2: For cross-carrier scheduling, we propose to limit the starting position of DL data bursts to the subframe boundary. 
Proposal 3: We propose to support OFDM symbols {2, 5, 8, 9, 10, 11, 13} as the possible ending positions for DL burst transmission on LAA SCell.   
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Appendix 
We study the impact of partial subframe starting positions on the system performance. We consider the set of starting positions, S = [N1, N2….Nn], where it is ordered such that 0 ≤N1<N2<∙∙∙<Nn ≤13. If the LBT is completed at Nk, 1<k<n, then a reservation signal is transmitted until symbol Nk+1. We compare different starting positions including S = [0,1,2,…13],  S = [0,3,7, 10], S = [0,3,7], S = [0,7], and S = [0].  The ending position is determined such that the sum of the reservation signal duration and the DL transmission duration does not exceed the maximum channel occupancy time (MCOT) limit.
We follow the evaluation methodology defined in the latest version of TR 36.889 [1]. Below, we provide additional assumptions made in our evaluations.  
· Indoor scenario [2]
· 1 unlicensed channel 
· FTP only traffic
· WiFi and LAA have DL only traffic
· LAA
· Cat. 4 LAA DL LBT scheme 
· Initial CCA duration and extended CCA defer : 34 s 
· eCCA slot duration: 9 s
· LAA ED thresholds: -77 dBm 
· Max LAA burst length: 4 msec
· Wi-Fi
· CL-MIMO
· Short GI  
· RTS/CTS: Not applied. 
Figure 1 shows the DL UPT performance for WiFi and LAA with different starting positions. It can be observed that, as the number of possible starting positions is reduced, WiFi and LAA performance is marginally decreased. However, there is a noticeable performance loss when number of starting positions is reduced from 2, which allows transmissions aligned with slot boundaries, to 1, which mandates the subframe boundary alignment.
[image: ] 
Figure 1: DL UPT performance according to different starting position options
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Average DL UPT, scenario: Indoor, #unlicensed ch =1
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