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Introduction

In this contribution, we discuss the detailed options on utilizing the resources on the unlicensed carrier after the completion of LBT until the start of the next sub-frame.  In particular, we study the impact of the restrictions on the starting positions on the WiFi-LAA co-existence performance by simulations. 

Simulation Results
We compare the cases where the LAA is allowed to transmit DL data burst with starting symbol, with set S = [N1,N2….Nn],  0 ≤   N1< N2…. < Nn ≤  13. If the LBT is completed at Nk, 1 <k<n,  then reservation signal is used until symbol Nk+1.   Specifically we compare different starting positions including S = [0,1,2,…13],  S = [0,3,7, 10], S = [0,3,7], S = [0,7], S = [0]. 
We follow the evaluation methodology defined in the latest version of TR 36.889. In this Section, we provide additional assumptions made in our evaluations.  
LAA
The following particular setup is used in our simulations unless stated otherwise.  
· We assume the Cat. 4 LAA DL LBT scheme given in Figure 1 which was agreed as working assumption at RAN1#81. More detailed assumptions are given below. 
· Initial CCA duration and extended CCA defer period (BiCCA & DeCCA): 34 s 
· eCCA slot duration: 9 s
· LAA ED thresholds: -82 dBm and -62 dBm
· Dynamic exponential backoff with the CW of  [X,Y] = [16, 1024]
· If the LAA burst has any TB error, double the CW. If no error in the LAA data burst is observed, reset the CW to X = 16.

· Max LAA burst length: 4 msec
· Only unlicensed band is used for LAA data transmission
a) Each eNB uses only one 20 MHz unlicensed carrier for LAA data transmission.    
b) Self-carrier scheduling assumed
c) 3 OFDM symbols for control region on unlicensed carrier for each  subframe.
Wi-Fi 
· Rate and rank selection for DL data transmission 
a) CL-MIMO: After every successful packet reception, CSI information is updated at the AP. No explicit feedback overhead modeled. If there has been no successful packet reception at the STA for an interval of 100 ms, the AP falls back to a default configuration, QPSK, code rate = ½, and rank = 1. 
· Short GI of 400ns is used for each WiFi OFDM symbol 
· RTS/CTS: Not applied. 

We next present the UPT performance for indoor one channel scenario. Figure 1 shows the DL UPT performance for WiFi and LAA with different  starting positions with LAA ED threshold  = -82 dBm, while Figure 2 shows the DL UPT performance for WiFi and LAA with different  starting positions with LAA ED threshold  = -62 dBm.  
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Figure 5: DL UPT performance as starting positions are varied for ED = -82 dBm
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Figure 6: DL UPT performance as starting positions are varied for ED = -62 dBm

In Figures 5 and 6, it can be observed that, as the number of symbols used for starting of PDSCH is reduced, WiFi and LAA performance is marginally decreased for each decrease in the number of starting positions. However, there is a noticeable performance loss when number of starting positions are reduced to 1. 

Observation 1:  Significant performance improvement for LAA and WiFi is observed if multiple positions (> 1)  for starting positions for DL data burst transmissions are allowed compared to the case when DL data burst starts with Pcell aligned subframe boundary. 

Observation 2:   For every additional symbol added after 2 symbols, the performance is marginally improved. 

Proposal 1: Slot boundaries, i.e. symbols 0 and 7 should be preferred as starting and ending positions for DL burst transmission. 
Conclusion
In this contribution, we discussed options on starting and ending positions for DL PDSCH transmission after completion of LBT. 

Observation 1:  Significant performance improvement for LAA and WiFi is observed if multiple positions (> 1)  for starting positions for DL data burst transmissions are allowed compared to the case when DL data burst starts with Pcell aligned sub-frame boundary. . 

Observation 2:   For every additional symbol added after 2 symbols, the performance is marginally improved. 

Proposal 1: Slot boundaries, i.e. symbols 0 and 7 should be preferred as starting and ending positions for DL burst transmission. 
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