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1. Introduction 
At RAN1#81Bis, detailed working assumptions on the category 4 LAA DL LBT scheme were agreed, which include the LBT mechanism presented in Figure 1. In this contribution, we compare various design options and parameters of the cat. 4 channel access mechanism in terms of the Wi-Fi performance impact of LAA as well as the LAA performance itself in the coexistence scenario of Wi-Fi and LAA. We evaluate the performance of VoIP outage and user perceived throughput (UPT). In particular, we study the impact of the following individual LAA LBT design factors:
· Initial CCA duration and extended CCA defer period 
· Extended CCA slot duration
· LAA ED thresholds
· Contention window (CW) size for the backoff operation.
· Adaptive CW adaptation scheme: dynamic exponential backoff vs. semi-static backoff. 
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Figure 1. The current RAN1 working assumption on Cat. 4 based LAA DL LBT mechanism
2. Simulation Assumptions
In this section, detailed simulation assumptions are presented.
2.1. LAA DL LBT scheme
We consider the Cat. 4 LAA LBT scheme given in Figure 1 which was agreed as working assumption at RAN1#80Bis. More detailed assumptions in our simulation are given below. 
1. When the eNB has been in the idle state, LBT starts with initial CCA, where sensing is performed for BiCCA s. If channel is idle, transmit data immediately. If busy, follow step 2.   
2. For each LAA data burst transmission, generate a random counter, N between [0, q-1], where q varies between X and Y. The values of X and Y are dependent on the used backoff adaptation mechanism, either Wi-Fi-like dynamic exponential backoff or semi-static backoff. If channel has been sensed idle for DeCCA s and N = 0, transmit an LAA data burst. 
(a) Dynamic exponential backoff: Update contention window q, based on outcome of the LAA burst transmission via dynamic exponential backoff. Specifically, if the LAA burst has any TB error, double the CW up to a maximum of Y. If no error in the LAA data burst is observed, reset the CW to X. 
(b) Semi-static backoff: For the simulation time, fix X = Y based on the load condition. For low load, X = Y = 16, for medium load, X = Y = 128, and for high load, X = Y = 512.
3. Continue sensing until channel is idle for at-least for DeCCA s.  
4. If idle for DeCCA s, sense the channel for the eCCA slot duration of T us. If idle for the eCCA slot duration, decrement the counter by 1 (i.e., N = N - 1). Otherwise, continue sensing until channel is idle for at-least DeCCA s. Once N reaches zero, transmit an LAA data burst. 
5. If a continuous data burst transmission is needed, go to step 2. Otherwise, go to the idle state. 
We evaluate different parameter values and backoff adaptation mechanisms:
· Initial CCA duration and extended CCA defer period (BiCCA & DeCCA): 20 vs. 34 vs. 40 s 
· eCCA slot duration: 5 vs. 9 vs. 20 s
· LAA ED thresholds: -62 dBm vs. -82 dBm
· Adaptive CW adaptation scheme: dynamic exponential backoff vs. semi-static backoff.
· Maximum CW size, Y for the dynamic exponential backoff: 256 vs. 512 vs. 1024
2.2. Other Simulation Assumptions 
We follow the evaluation assumptions defined in the TR [1]. We evaluate the coexistence scenario of Wi-Fi + LAA, for one channel, indoor, and DL only traffic (FTP only & mixed traffic). In the FTP only case, the number of users per operator is assumed to be 10. In the case of mixed traffic, 2 VoIP users are added to 10 FTP users for the Wi-Fi network that is not replaced with LAA. In addition to FTP only and mixed traffic scenarios, we also evaluate full buffer scenario in order to better understand the performance behavior depending on different LAA LBT parameters. Further detailed assumptions for LAA and Wi-Fi are given below.
LAA
· Max LAA burst length: 4 msec
· Forward and backward partial sub-frames used if the start of an LAA burst is not aligned with the sub-frame boundary (please refer to [2] for more details)
· Unlicensed only (i.e., licensed band is not used for PDSCH transmission)
· Self-carrier scheduling with the control region of 3 OFDM symbols. 
Wi-Fi 
· 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, for the STA.
· RTS/CTS: Not applied.
· Short GI of 400ns for each OFDM symbol
· VoIP related assumptions
· EDCA applied. CWmin = 3 and CWmax = 7.
· QoS aware scheduling assumed: AP schedules VoIP packets first.
· According to [1], in addition to 10 FTP users, two additional VoIP users are randomly dropped per cluster (building in the indoor case) only for the Wi-Fi network which is not replaced with LAA. 
· Performance metric
· Percentage of VoIP users in outage: A VoIP user is declared to be in outage if its 98%-tile delay is larger than 50 ms [1]. 


3. Simulation Results: Coexistence of Wi-Fi and LAA
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Figure 3. Comparison of the average UPT performance as BiCCA and DeCCA are varied (a) WiFi (b) LAA
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Figure 4. Comparison of the average UPT performance as eCCA slot duration is varied (a) WiFi (b) LAA
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Figure 5. Comparison of the average UPT performance as Y (the maximum CW size for dynamic exponential backoff) is varied (a) WiFi (b) LAA.
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Figure 6. Comparison of the 5th %-tile UPT performance as BiCCA and DeCCA is varied (a) WiFi (b) LAA
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Figure 7. Comparison of the 5th %-tile UPT performance as eCCA slot duration is varied (a) WiFi (b) LAA

[image: ]
(a)

[bookmark: _GoBack][image: ]
 (b) 
Figure 8. Comparison of the 5th %-tile UPT performance as Y is varied (a) WiFi (b) LAA
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Figure 9. Comparison of the buffer occupancy as BiCCA and DeCCA is varied (a) WiFi (b) LAA
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Figure 10. Comparison of the buffer occupancy as eCCA slot duration is varied (a) WiFi (b) LAA
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Figure 11.  Comparison of the buffer occupancy as Y is varied (a) WiFi (b) LAA
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Figure 12. Comparison of percentage of VoIP outage users for Wi-Fi among various LAA LBT options (a) LAA ED threshold = -82 dBm (b) LAA ED threshold = -62 dBm
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Figure 13. Dynamic exponential backoff vs. semi-static backoff (a) WiFi performance (b) LAA performance

Observations and Discussion
· In the scenario where Wi-Fi and LAA have only DL traffic, if LAA DL adopts the category 4 LBT mechanism that was agreed as working assumption at RAN1#80Bis, with the following details, then LAA well coexists with WiFi while LAA itself has a good performance.
· Initial CCA duration and extended CCA defer period (BiCCA & DeCCA): 34 s 
· eCCA slot duration: 9 s
· LAA ED thresholds: -82 dBm
· Dynamic exponential backoff with the CW of [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 16.

· LAA ED threshold: -62 dBm vs. -82 dBm
· When LAA LBT CCA ED threshold is -82 dBm (comparable to the Wi-Fi preamble detection performance), the Wi-Fi performance (both UPT and VoIP outage) is improved when a Wi-Fi network coexists with an LAA network, compared to the case when the Wi-Fi network coexists with another Wi-Fi network.
· When LAA LBT CCA ED threshold is -62 dBm, the Wi-Fi performance (both UPT and VoIP outage) is degraded when a Wi-Fi network coexists with an LAA network, compared to the case when the Wi-Fi network coexists with another Wi-Fi network.   
· Exponential backoff vs. Semi-static backoff algorithm  
· We observe from Figure 12 that dynamic exponential backoff outperforms the semi-static CW adaptation scheme, especially in terms of Wi-Fi UPT performance. This is mainly due to the fast adaptability of the exponential backoff to time-varying system load (or contention situation). 
· In general, a semi-static CW adaptation mechanism could adapt its CW size to the time-varying system load slower than the dynamic exponential backoff. It is not clear and may be challenging to design a good semi-static CW adaptation mechanism. Moreover, in practice, it would be difficult to guarantee good coexistence with Wi-Fi for an LAA network equipped with a semi-static CW adaptation mechanism, for countless different real deployment scenarios.   
4. Conclusion
In this contribution, we present Wi-Fi and LAA coexistence evaluation results for different design options and parameters of the category 4 LAA DL LBT channel access mechanism that were agreed as a RAN1 working assumption at RAN1#80Bis. Through the evaluation results, we have made the following observations. 
Observation 1:In the  scenario where Wi-Fi and LAA have only DL traffic, if LAA DL adopts the category 4 LBT mechanism that was agreed as working assumption at RAN1#80Bis, with the following details, then LAA well coexists with WiFi while LAA itself has a good performance.
· Initial CCA duration and extended CCA defer period (BiCCA & DeCCA): 34 s 
· eCCA slot duration: 9 s
· LAA ED thresholds: -82 dBm
· Dynamic exponential backoff with the CW of [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 16.

Observation 2:
The dynamic exponential backoff outperforms the semi-static CW adaptation scheme considered, especially in terms of Wi-Fi UPT performance. This is mainly due to the fast adaptability of the exponential backoff to time-varying system load (or contention situation). 
Observation 3:
It is not clear and may be challenging to design a good semi-static CW adaptation mechanism. Moreover, in practice, it would be difficult to guarantee good coexistence with Wi-Fi for an LAA network equipped with a semi-static CW adaptation mechanism, for countless different real deployment scenarios.
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