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Introduction
One of the most important design goals of LAA is fair coexistence with other radio access technologies (RATs) such as Wi-Fi and other LAA networks deployed by other operators. To meet the 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. 
In 3GPP TSG RAN WG1 Meeting #82, the following agreement on contention window (CW) size adjustment for LBT operation was made.

For contention window size adjustment for LBT category 4 operation for PDSCH, the following options should be studied further
· For LBT Category 4 operation for PDSCH, the CWS (contention window size) is adjusted based on HARQ ACK/NACK feedback
· FFS on the details of how to use the HARQ ACK/NACK feedback. More details on the procedure should be provided as much as possible within RAN1#82
· For LBT Category 4 operation for PDSCH, the CW size is adjusted based on the eNB medium sensing based metrics
· The following options have been identified to derive the metric
· Option 1: Number of busy periods between transmissions 
· A busy period is the total time the channel is occupied between two idle CCA slots 
· Option 2: Number of idle slots (or) ratio of the number of idle to busy slots within a defined observation window
· FFS on the details for the two options above. More details on the procedures should be provided as much as possible within RAN1#82 
In this contribution, we discuss evaluation results for CW size adaptation based on HARQ ACK/NACK feedback, which is the first option in the above agreement. We begin by providing a detailed description on the CW adaptation scheme based on the HARQ ACK/NACK feedback and, then, proceed to discuss the performance evaluation results for various options available for the HARQ ACK/NACK feedback based CW size adaptation.  
Description on the CW Size Adaptation Mechanism Based on HARQ ACK/NACK Feedback 
In [1], the following options were proposed for CW size adaptation based on HARQ ACK/NACK feedback. 

For CWS adjustment based on HARQ-ACKs, the considered set of HARQ-ACK feedback values is defined as the following:
· HARQ-ACK values candidate set: The set of HARQ-ACK feedback values considered for adapting the contention window size correspond to the HARQ-ACKs that are decoded and available at the time when the contention window size (CWS) is determined.
The following options are considered for adapting the CWS based on the set of considered HARQ-ACK feedback values:
· Option 1: The CWS is increased if all of the considered HARQ-ACK feedback values corresponding to a single subframe (e.g. the latest DL subframe or the first DL subframe of the latest DL transmission burst) are NACK. Otherwise, the CWS is reset to the minimum value.
· Option 2: The CWS in increased if at least one of the considered HARQ-ACK feedback values corresponding to a single subframe (e.g. the latest DL subframe or the first DL subframe of the latest DL transmission burst) is NACK. Otherwise, the CWS is reset to the minimum value.
· Option 3: The CWS is increased if at least Z% of the HARQ-ACK feedback values within a predefined window are NACK. Otherwise, the CWS is reset to the minimum value.
· FFS on timing and size of the window
In addition, the CWS is reset to the minimum value if at least one of the following conditions are met:
· Alt 1: if the maximum CWS is used for K consecutive eCCA for transmission e.g. K=1 or2 or 3. FFS on K
· Alt 2: if there has been no DL transmission by the eNB for a duration of at least T. FFS on T.
· FFS on other alternatives
Based on the above proposal, we have relabelled options for HARQ ACK/NACK based CW size adaptation. 
Table 1. Options for HARQ ACK/NACK based CW size adaptation
	Option
	Description

	1a
	CW = min(2∙CW, CWmax), if all NACK in the first subframe of the latest DL burst. Otherwise, reset to CWmin.  

	1b
	CW = min(2∙CW, CWmax), if all NACK in the last subframe of the latest DL burst. Otherwise, reset to CWmin.  

	2a
	CW = min(2∙CW, CWmax), if any NACK in the first subframe of the latest DL burst. Otherwise, reset to CWmin.  

	2b
	CW = min(2∙CW, CWmax), if any NACK in the last subframe of the latest DL burst. Otherwise, reset to CWmin.  

	3
	CW = min(2∙CW, CWmax), if Z% NACK in the latest DL burst. 
Otherwise, reset to CWmin.  



From the options listed above, it is understood that option 1a, option 1b, and option 3 with high Z% can be categorized as more aggressive CW size adaptation policies than option 2a, 2b, and option 3 with low Z%. In conjunction with the above options, we take into account Alt 1 for CW size reset for our performance evaluation. Alt 2 is ambiguous since the duration of which there has been no DL transmission by the eNB can be either due to CCA failure or buffer emptiness. Thus, Alt 2 was not considered in our evaluation, but this should not be interpreted as Alt 1 is preferred over Alt 2.
 
 Performance Evaluation
Simulation Assumptions
· Unless it is stated otherwise, our performance evaluation methodology complies with TR 36.889 [3].
· Indoor scenario [3]
· 10 UEs per operator
· FTP only traffic: FTP file size of 0.5 MB
· The WiFi network not being replaced by an LAA network has DL and UL traffic with 80:20 traffic ratio.
· The WiFi network being replaced by an LAA network and the LAA network have DL only traffic. 
LAA 
· Initial CCA duration and extended CCA defer period: 34 s 
· eCCA slot duration: 9 s
· ED threshold: variable
· CW size set: {16, 32, 64}
· Max burst length: 4 msec
· Extended subframe used 
· Only unlicensed band is used for LAA data transmission with self-carrier scheduling
Wi-Fi 
· CL-MIMO
· Short GI of 400ns
· No RTS/CTS 
                                   
Simulation Results

In this section, we discuss evaluation results for CW size adaptation based on HARQ ACK/NACK feedback. In the figures below, Step 1 refers to the scenario where both operators use WiFi, which provides baseline results for comparison with other coexistence scenarios. In the figures,  stands for the CW size reset counter for the consecutive use of maximum CW size. 











































Low Loading Scenario
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Figure 1. UPT performance under HARQ ACK/NACK based CW size adaptation with -62 dBm ED threshold


Table 1. Quantitative WLAN UPT performance gain/loss from Figure 1 
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Figure 2. UPT performance under HARQ ACK/NACK based CW size adaptation with -72 dBm ED threshold






Table 2. Quantitative WLAN UPT performance gain/loss from Figure 2 
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Figure 3. UPT performance under HARQ ACK/NACK based CW size adaptation with -82 dBm ED threshold



Table 3. Quantitative WLAN UPT performance gain/loss from Figure 3 
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Medium Loading Scenario
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Figure 4. UPT performance under HARQ ACK/NACK based CW size adaptation with -62 dBm ED threshold



Table 4. Quantitative WLAN UPT performance gain/loss from Figure 4 
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Figure 5. UPT performance under HARQ ACK/NACK based CW size adaptation with -72 dBm ED threshold


Table 5. Quantitative WLAN UPT performance gain/loss from Figure 5 
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Figure 6. UPT performance under HARQ ACK/NACK based CW size adaptation with -82 dBm ED threshold




Table 6. Quantitative WLAN UPT performance gain/loss from Figure 6 
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High Loading Scenario
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Figure 7. UPT performance under HARQ ACK/NACK based CW size adaptation with -62 dBm ED threshold



Table 7. Quantitative WLAN UPT performance gain/loss from Figure 7 
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Figure 8. UPT performance under HARQ ACK/NACK based CW size adaptation with -72 dBm ED threshold






Table 8. Quantitative WLAN UPT performance gain/loss from Figure 8 
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Figure 9. UPT performance under HARQ ACK/NACK based CW size adaptation with -82 dBm ED threshold



Table 9. Quantitative WLAN UPT performance gain/loss from Figure 9 
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Observations and Discussion

· With ED threshold -62 dBm, it is difficult to guarantee coexistence to WLAN in terms of both average and 5th percentile UPT with any option of HARQ ACK/NACK based CW size adaptation. Since the coexistence performance is dominated by the chosen ED threshold, it is difficult to draw any conclusion that one option is superior to the others.  
· With ED threshold -72 dBm, the 5th percentile WLAN UPT still experiences performance degradation. In general, option 3 with low Z value, e.g., 0% or 10%, provides better coexistence performance to WLAN.  
· [bookmark: _GoBack]With ED threshold -82 dBm, fair coexistence between LAA and WLAN is guaranteed in terms of both DL and UL WLAN UPT. Indeed, the WLAN UPT improves when it coexists with LAA than WLAN. In general, option 3 with low Z value, e.g., 0% or 10%, provides better coexistence performance to WLAN.
· At low loading, it is hard to observe difference in the coexistence performance due to the use of different CW reset counter K. This is because at low loading, it is not frequent that the CW size is drifted to its maximum value. 
· At medium and high loading with ED threshold lower than -72 dBm, it is observed that when the CW reset counter K is set to three, a better coexistence performance can be achieved when compared to the cases where K is set to one.

Conclusion
In this contribution, we evaluated and compared different options available for HARQ ACK/NACK based CW size adaptation. Based on our observations and discussions, the following proposal is drawn. 
Proposal 1: For LBT Category 4 operation for PDSCH, the CW size is adjusted based on HARQ ACK/NACK feedback of which the CW size is doubled if at least Z% of the feedback indicates NACK in the latest DL burst. Otherwise, the CW size is reset to its minimum value. The Z% is set to be lower than 10%. 
Proposal 2: The CW reset counter, K, is set to 3.       
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