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1. Introduction

In Japan and Europe, a Listen-Before-Talk (LBT) mechanism is a requirement in the use of unlicensed spectrum. In 3GPP RAN1 LAA Ad-Hoc meeting, following had been agreed (see [1]),
Agreements 
· Revise the agreement from RAN1#80 as follows:

· Classify the evaluated channel access schemes according to the following categories:

· Category 1: No LBT

· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window

· Category 4: LBT with random back-off with variable size of contention window

· Note: Contention window is the maximum possible random back-off value

· Note: Category classification does not restrict a LBT design investigation

· Note: Company is encouraged to evaluate many categories as much as possible

In this contribution, simulation evaluation on LAA is provided.   


2. Simulation results

In RAN1 #80bis, the following working assumptions were reached:

Working assumptions:
· If LAA is adopting a LBT category 4 scheme for DL transmission, it will be based on ETSI option B modified to a LBT category 4 scheme except for the following modifications that ensure fairness with Wi-Fi:

· The size of the LAA contention window is variable via dynamic exponential backoff or semi-static backoff between X and Y ECCA slots

· The value of X and Y is a configurable parameter

· FFS: which trigger and rate for adapting the size of the contention window

· Consider minimum ECCA slot size smaller than 20 µs

· The initial CCA (ICCA) can be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS)

· FFS: Conditions under which initial CCA is used

· When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle

· FFS: Continuing count down during defer period

· The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 

· FFS: A defer period configured to be zero.

· FFS: how matching is done when multiple UEs are scheduled in a subframe with different QoS, or when a transmission contains no PDSCH (e.g. DRS, CSI-RS), or when a transmission contains UL grants

· FFS: Relationship, if any, between contention window and maximum channel occupancy?

· Discuss the values of all the above parameters at RAN1#81

· FFS: Applicability of this to DRS

· Adaptability of the energy detection threshold can be applied

· Defer period: Minimum time that a node has to wait after the channel becomes idle before transmission, i.e., a node can transmit if the channel is sensed to be idle for ≥ defer period. 

· Companies are encouraged to provide evaluations at RAN1#81 for LBT category 4 schemes in accordance with the above

And a flow chart providing details of the agreed working assumption can be found in [1].

We note in the working assumption reached in RAN1 #80bis, two alternatives under Cat. 4 LBT are provided: dynamic exponential backoff and semi-static fixed backoff. 

In this simulation study, those two alternatives are evaluated. 

In Figure 1, the simulation results with dynamic exponential backoff is provided.

In figure 2, the simulation results with fixed backoff (q=16) is provided.
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Company Wi-Fi in Wi-Fi in LAA Wi-Fi in Wi-Fi in LAA Wi-Fi in Wi-Fi in LAA

step 1 step 2 in step 1 step 2 in step 1 step 2 in

step 2 step 2 step 2

5%

60.49 63.6 72.39 23.93 38.75 48.89 2.44 14.3 27.81

UPT CDF 50%

68.65 69.91 79.1 39.98 47.14 58.43 15.31 28.83 41.63

[Mbps] 95%

80.55 78.88 89.12 59.57 58 73.2 44.37 43.25 63.74

Mean 69.12 70.48 79.66 40.24 47.92 59.61 17.89 29.24 43.05

5%

0.069 0.073 0.057 0.106 0.11 0.076 0.141 0.148 0.093

Delay CDF 50%

0.099 0.096 0.073 0.247 0.192 0.116 0.669 0.401 0.181

[s] 95%

0.142 0.12 0.091 0.853 0.306 0.166 10.913 1.384 0.323

Mean 0.1 0.096 0.073 0.334 0.199 0.119 2.41 0.581 0.206

0.999 0.999 0.999 0.996 0.998 0.999 0.962 0.996 0.998

0.1976 0.1862 0.171 0.391 0.3356 0.2777 0.5908 0.504 0.3853
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Figure 1 Results with dynamical exponential backoff
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step 1 step 2 in step 1 step 2 in step 1 step 2 in

step 2 step 2 step 2

5%

60.49 61.48 72.75 23.93 35.17 49.57 2.44 9.59 29.99

UPT CDF 50%

68.65 68.94 79.16 39.98 44.37 58.45 15.31 25.1 42.58

[Mbps] 95%

80.55 78.35 89.42 59.57 56.29 73.75 44.37 41.33 63.97

Mean 69.12 69.29 79.8 40.24 45.19 59.51 17.89 25.76 43.95

5%

0.069 0.076 0.056 0.106 0.118 0.073 0.141 0.161 0.084

Delay CDF 50%

0.099 0.102 0.071 0.247 0.224 0.106 0.669 0.502 0.084

[s] 95%

0.142 0.133 0.085 0.853 0.415 0.145 10.913 2.526 0.151

Mean 0.1 0.102 0.071 0.334 0.241 0.107 2.41 0.962 0.249

0.999 0.999 0.999 0.996 0.998 0.999 0.962 0.993 0.999

0.1976 0.1934 0.1675 0.391 0.3606 0.2664 0.5908 0.549 0.3591
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Figure 2 Results with fixed backoff
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