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1. Introduction 
One of the most important design goals of LAA is fair coexistence with other radio access technologies such as Wi-Fi and/or other LAA networks deployed by other operators. To meet this design goal, listen before talk (LBT) has been considered as a key enabling technology, where data packets are transmitted only when the channel is sensed to be idle. We evaluate various LBT design options [1]-[4], through comprehensive simulations for different deployment environments as well as different LBT design parameters. Based on the evaluation results, this contribution proposes two alternatives of LAA LBT design for LAA DL.  
2. Discussions on Individual LBT Design Parameters
In this section, we discuss the impact of each individual LAA LBT design parameter. More detailed technical justifications can be found in our companion contributions [1]-[4]. 

LAA ED threshold: -62 dBm vs. -82 dBm
As discussed in detail in [4], the LAA ED threshold of -62 dBm can degrade the Wi-Fi performance in some scenarios. The main reason is that even if -62 dBm ED threshold is assumed for Wi-Fi, in addition to ED, Wi-Fi nodes also detect the preamble of other Wi-Fi nodes’ transmissions (and set NAV accordingly), of which coverage is typically much wider than the -62 dBm sensing range. Therefore, the effective ED threshold for Wi-Fi can be much lower than -62 dBm. Therefore, we propose the LAA ED threshold of -82 dBm. Also note that we don’t see any significant performance degradation for LAA with – 82 dBm ED threshold, compared to -62 dBm [4].
Proposal 1: Adopt -82 dBm as the ED threshold for LAA LBT. 
CCA sensing duration
Although the minimum CCA sensing duration required in the EU [5] is 20 µsec, it would be desirable to have a duration compatible to that of Wi-Fi, (e.g., DIFS of 34 µsec in Wi-Fi) in order to provide better coexistence with Wi-Fi. Note that a benefit of having longer CCA sending duration is to protect a Wi-Fi ACK (or block ACK) transmission that is transmitted by the Wi-Fi receiver after SIFS time (16 µsec) from the end of data reception. In this regard, the CCA sensing duration of 34 µsec would be a good candidate. 
Proposal 2: Adopt 34 µsec as the CCA sensing duration.
eCCA sensing duration
When the minimum CW duration is fixed, e.g., to 160 µsec, a finer granularity would lead to a higher performance as the average channel access delay could be smaller. Given that the Wi-Fi slot duration is 9 µsec, we propose the eCCA sensing duration of 10 µsec which is in line with the eCCA sensing duration, 320 µsec for Option B of LBE based LBT defined in ETSI EN 301 893 [5].  
Proposal 3: Adopt 10 µsec as the eCCA sensing duration.
Minimum contention window 
Once -82 dBm is used for the LAA ED threshold, we observe in [4] that the performance difference between 16 and 32 slots (with eCCA sensing slot duration of 10 µsec) is not significant. Given that the minimum CW corresponds to 144 µsec (= 16 x 9 µsec), 160 µsec would be a good choice for LAA. 

Proposal 4: Adopt 160 µsec as the minimum contention window for eCCA.

Exponential backoff
We observe [1] that when the LAA LBT employs exponential backoff, the Wi-Fi performance improves while the LAA performance degrades. However, the performance difference between with and without LAA exponential backoff is not significant especially for LAA. Therefore, it we may consider adopting exponential backoff.
Proposal 5: Further study whether to adopt exponential backoff for LAA LBT. 

Maximum contention window
If an adaptive CW is adopted, e.g., exponential backoff, it might be reasonable to have the maximum CW similar to that of Wi-Fi, i.e., 1024 slots. Note that we observe in [4] that the LAA performance does not degrade when exponential backoff with a maximum CW of 10240 µsec is used for LAA. 
Proposal 6: If exponential backoff is introduced to LAA LBT, adopt 10240 µsec as the maximum contention window.
Defer period (i.e., whether or not to go back to CCA during eCCA)
Due to a similar reason why a long CCA duration is needed, as discussed above, it would be desirable to define a defer mechanism, i.e., going back to CCA when the channel is busy during eCCA. Again, this can protect Wi-Fi ACK (or block ACK) transmissions. 
Proposal 7: Adopt the defer mechanism in which the state is changed to the CCA state when the channel is sensed to be busy during the eCCA state. 
LBE based LBT Option A and Option B defined in ETSI EN 301 893 v.1.8.0
Option A and Option B without any modifications from ETSI EN 301 893 v.1.8.0 show the worst performance among the LAA LBT options studied in [4]. In particular, if -62 dBm ED threshold is used for LAA according to ETSI EN 301 893 v.1.8.0, the Wi-Fi performance can be significantly degraded when coexisting with LAA.

3. Proposed LBT Design 
Based on the discussion in the previous section, we propose two alternatives of LAA LBT design for LAA DL, with and without exponential back. The proposed LAA LBT schemes with and without exponential back are given in Figure 1 and 2, respectively. 
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Figure 1. Proposed DL LBT without exponential bakoff
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Figure 2. Proposed DL LBT with exponential bakoff

4. Conclusion

In this contribution, we have discussed the impact of each individual LAA LBT design parameter, based on the comprehensive simulation results in [1]-[4]. Based on the discussion, we have made the following proposals.   
Proposal 1: Adopt -82 dBm as the ED threshold for LAA LBT. 
Proposal 2: Adopt 34 µsec as the CCA sensing duration.
Proposal 3: Adopt 10 µsec as the eCCA sensing duration.
Proposal 4: Adopt 160 µsec as the minimum contention window for eCCA.

Proposal 5: Further study whether to adopt exponential backoff for LAA LBT. 

Proposal 6: If exponential backoff is introduced to LAA LBT, adopt 10240 µsec as the maximum contention window.
Proposal 7: Adopt the defer mechanism in which the state is changed to the CCA state when the channel is sensed to be busy during the eCCA state. 

Proposal 8: Consider the LBT algorithms in Figure 1 and 2 for the LAA LBT design.
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