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1. Introduction

At the RAN1#80 meeting, different LBT schemes were categorized and following agreements were made for evaluation [1].
· Classify the evaluated LBT 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
· Illustrative examples

· FBE procedure as defined in EN BRAN V1.8.0 belongs to category 2

· LBE procedure with a fixed q for the contention window as defined in EN BRAN V1.8.0 belongs to category 3

· LBE procedure Op A with a variable q for the contention window as defined in EN BRAN V1.8.0 belongs to category 4

In this contribution, we provide our evaluation results based on agreed evaluation assumptions and corresponding considerations on the impact of both FBE-based and LBE-based LBT for LAA on the performance of coexisting Wi-Fi. System level evaluations are performed in outdoor deployment scenarios for Y=1. Our views on LBT design and the frame structure for LAA with LBT are also presented in our companion contribution [2].
2. LBT Mechanism for LAA
Based on the European regulatory requirements, two possible LBT mechanisms are considered for LAA, i.e. a FBE-based mechanism and a LBE-base mechanism [3]. In this section, the frame structure of LAA with both FBE-based and LBE-based LBT mechanism, which is applied in our current evaluation, is introduced.  

Fig. 2-1 shows the frame structure of LAA with FBE-based LBT, i.e., LBT category 2 assumed in the evaluation. CCA periodicity is the same as the frame period (transmission burst length). Considering the Japanese regulatory requirement of maximum 4ms channel occupancy time, LBT procedures with the maximum burst length configurations of {1, 4} ms are considered in the evaluation. The idle period including CCA with 5% of the channel occupancy time is assumed. From transmission start timing to next ODFM symbol boundary, the transmission is assumed as initial signal without containing data. Then only the integer OFDM symbols are used for data transmission. 
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Figure 2-1. Frame structure for LAA with FBE-based LBT assumed in evaluation 
Fig. 2-2 shows the frame structure of LAA with LBE-based LBT, i.e., LBT category 3 assumed in the evaluation. The LBE procedure with fixed q for the contention window is assumed in the evaluation. In the purpose of achieving fair co-existence with Wi-Fi, random back off is assumed.  Furthermore, initial CCA is needed before random back off starts or resume. The detailed procedure is that initial CCA is required at the beginning of a LBE procedure. After idle is confirmed in the initial CCA, ECCA procedure starts and random back off counter is decremented when ECCA idle is confirmed. Once ECCA busy is confirmed, initial CCA is needed before back to ECCA procedure. CCA and ECCA can be performed any time of a subframe. When random back off counter reaches zero, transmission starts immediately. From transmission start timing to next OFDM symbol boundary, the transmission is assumed as initial signal without containing data. Only the integer OFDM symbols are used for data transmission. To achieve equivalent burst length of FBE-based LBT (1 or 4 ms), q is assumed to 3 and 10, respectively. Duration of initial CCA and ECCA slot is 32 us and 24 us, respectively.        
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Figure 2-2. Frame structure for LAA with LBE-based LBT assumed in evaluation
3. Coexistence Evaluation Results
System level evaluations for co-existence scenarios of DL only LAA are performed in outdoor deployment scenarios. All the agreed assumptions and methodologies are implemented in the simulation. The detailed simulation assumptions are shown in Appendix 2. The evaluated scenarios are listed below.  
(1) X=4, Y=1, Outdoor (w/o licensed carrier for LAA UEs)
(2) X=4, Y=1, Outdoor (w/ licensed carrier for LAA UEs)

We present the co-existence evaluation results for these scenarios in the following subsections. In each scenario, the following cases are evaluated. 

· Wi-Fi – Wi-Fi coexistence (Baseline)
· Wi-Fi – LAA co-existence

· FBE-based LBT mechanism for LAA with the burst length of 1 and 4 ms
· LBE-based LBT mechanism for LAA with q of 3 and 10.
3.1. Scenario 1 (X=4, Y=1, w/o licensed carrier for LAA UEs)
In this dense cell deployment scenario, two operators with four Wi-Fi APs/LAA small cells for each operator are randomly deployed in a cluster area. One unlicensed carrier with the bandwidth of 20 MHz is shared between the two operators. 
Figs. 3-1 and 3-2 show the average and 5% UPT for Wi-Fi STAs and LAA UEs with the packet arrival rate of 2, 2.5 and 3, that lead to the buffer occupancy [4] of approximately 24%, 44% and 59% in the baseline case, respectively. Detailed performances are shown in Table 3-1. We find that for Wi-Fi throughput, both FBE- and LBE- based LBT for LAA lead to better or similar performance than the baseline in terms of the average and 5% UPT. This might be due to a lower degree of occupation of the unlicensed carrier by an aggressor operator in the Wi-Fi-LAA coexistence scenario thanks to high spectrum efficiency. For comparison between FBE and LBE LBT mechanism for LAA, FBE leads higher Wi-Fi average UPT performance than LBE, especially in middle or high traffic load, due to it provide more opportunity for Wi-Fi to seize the channel. Meanwhile, FBE also leads similar or better LAA average UPT performance than LBE in middle or high traffic load, since LBE could not achieve reuse factor 1 and hence the efficiency of LAA is reduced.   
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Figure 3-1. Average UPT for Wi-Fi and LAA (X=4, Y=1, w/o licensed carrier)
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Figure 3-2. 5% UPT for Wi-Fi and LAA (X=4, Y=1, w/o licensed carrier)
Table 3-1. Performance of Wi-Fi and LAA (X=4, Y=1, w/o licensed carrier)[image: image5.emf]Thr(Mbps) gain (%) Thr(Mbps) gain (%) Thr(Mbps) gain (%) Thr(Mbps) gain (%)

Baseline 43.283 0.0 1.378 0.0 34.486 0.0 121.220 0.0 0.241 0.978

FBE, 1ms, Wi-Fi 54.574 26.1 2.853 107.0 50.002 45.0 121.220 0.0 0.212 0.986

FBE, 4ms, Wi-Fi 52.933 22.3 1.251 -9.2 46.514 34.9 121.220 0.0 0.213 0.988

LBE,Q=3, Wi-Fi 51.722 14.8 1.356 40.2 45.979 28.2 121.220 0.0 0.211 0.986

LBE,Q=10, Wi-Fi 56.084 24.5 3.509 262.8 50.635 41.1 121.220 0.0 0.180 0.989

FBE, 1ms, LAA 66.973 54.7 1.765 28.0 62.500 81.2 133.330 10.0 0.096 0.980

FBE, 4ms, LAA 56.223 29.9 1.991 44.5 52.290 51.6 117.650 -2.9 0.107 0.983

LBE,Q=3, LAA 53.761 19.3 2.114 118.6 50.000 39.4 111.110 -8.3 0.113 0.991

LBE,Q=10, LAA 59.523 32.1 4.297 344.3 56.338 57.0 114.290 -5.7 0.081 0.993

Baseline 33.108 0.0 0.7081 0.0 23.392 0.0 102.57 0.0 0.441 0.980

FBE, 1ms, Wi-Fi 43.087 30.1 0.791 11.7 33.336 42.5 121.220 18.2 0.365 0.977

FBE, 4ms, Wi-Fi 41.402 25.1 0.699 -1.3 29.964 28.1 121.220 18.2 0.136 0.981

LBE,Q=3, Wi-Fi 42.956 23.2 0.674 -6.0 34.936 40.6 121.220 12.1 0.378 0.972

LBE,Q=10, Wi-Fi 40.866 17.2 0.759 5.8 31.251 25.8 117.660 8.8 0.396 0.983

FBE, 1ms, LAA 54.256 63.9 1.016 43.5 47.059 101.2 133.330 30.0 0.082 0.980

FBE, 4ms, LAA 42.930 29.7 0.785 10.9 33.898 44.9 114.290 11.4 0.242 0.935

LBE,Q=3, LAA 41.504 19.0 0.356 -50.4 34.483 38.8 111.110 2.8 0.227 0.953

LBE,Q=10, LAA 45.445 30.3 1.041 45.2 39.216 57.8 114.290 5.7 0.175 0.976

Baseline 27.306 0.0 0.6636 0.0 18.141 0.0 85.113 0.0 0.592 0.976

FBE, 1ms, Wi-Fi 38.504 41.0 1.007 51.8 26.667 47.0 117.660 38.2 0.427 0.977

FBE, 4ms, Wi-Fi 35.246 29.1 0.777 17.1 23.953 32.0 114.300 34.3 0.450 0.978

LBE,Q=3, Wi-Fi 35.690 21.2 0.764 29.0 25.480 24.5 108.120 16.2 0.498 0.973

LBE,Q=10, Wi-Fi 32.989 12.0 0.620 4.7 22.600 10.5 100.000 7.5 0.543 0.974

FBE, 1ms, LAA 48.243 76.7 0.980 47.7 38.096 110.0 133.330 56.7 0.230 0.989

FBE, 4ms, LAA 40.811 49.5 1.438 116.8 30.304 67.0 114.290 34.3 0.224 0.985

LBE,Q=3, LAA 33.483 13.7 0.407 -31.2 19.851 -3.0 111.110 19.4 0.294 0.949

LBE,Q=10, LAA 35.343 20.0 0.421 -28.9 25.157 23.0 108.110 16.2 0.258 0.947
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3.2. Scenario 2 (X=4, Y=1, w/ licensed carrier for LAA UEs)
In this scenario, an additional licensed carrier with the bandwidth of 10 MHz is assumed for LAA. Hence, carrier aggregation between licensed and unlicensed carriers is performed for LAA UEs. 
Figs. 3-4 and 3-5 show the average and 5% UPT for Wi-Fi STAs and LAA UEs with the same packet arrival rate used in section 3.1. Detailed performances are also shown in Table 3-2. The UPT for the LAA UE is the sum of the throughputs on both licensed and unlicensed carriers. The tendency is similar as that without licensed carrier scenario presented in Section 3.1. We find that the Wi-Fi throughput when co-existing with LAA is much better than that when co-existing with another Wi-Fi in terms of both the average and 5% UPT. FBE-based LBT achieves similar or better Wi-Fi and LAA performance than LBE-based LBT in terms of average and 5% UPT especially in middle or high traffic load cases. 
Observation 1:  LAA with the FBE-based or LBE-based LBT mechanism could have less of an impact on the neighboring Wi-Fi than another Wi-Fi. 
Observation 2: LAA with FBE- based LBT could achieve similar or better performance than LBE-based LBT if reuse factor 1 could not be achieved by LBE. 
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Figure 3-3. Average UPT for Wi-Fi and LAA (X=4, Y=1, w/ licensed carrier)
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Figure 3-4. 5% UPT for Wi-Fi and LAA (X=4, Y=1, w/ licensed carrier)
Table 3-2. Performance of Wi-Fi and LAA (X=4, Y=1, w/ licensed carrier)

[image: image8.emf]Thr(Mbps) gain (%) Thr(Mbps) gain (%) Thr(Mbps) gain (%) Thr(Mbps) gain (%)

Baseline 43.283 0.0 1.378 0.0 34.486 0.0 121.220 0.0 0.241 0.978

FBE, 1ms, Wi-Fi 59.717 38.0 3.015 118.7 57.145 65.7 121.220 0.0 0.173 0.990

FBE, 4ms, Wi-Fi 65.286 50.8 5.413 292.7 61.544 78.5 121.220 0.0 0.114 0.993

LBE,Q=3, Wi-Fi 61.451 42.0 3.198 132.0 57.975 68.1 121.220 0.0 0.154 0.986

LBE,Q=10, Wi-Fi 60.048 38.7 2.413 75.0 57.146 65.7 121.220 0.0 0.161 0.985

FBE, 1ms, LAA 132.440 206.0 57.971 4105.7 133.330 286.6 200.000 65.0 0.018 0.999

FBE, 4ms, LAA 114.900 165.5 54.054 3821.5 114.290 231.4 173.910 43.5 0.020 0.999

LBE,Q=3, LAA 105.530 143.8 42.553 2987.2 105.260 205.2 166.670 37.5 0.023 0.999

LBE,Q=10, LAA 111.070 156.6 45.455 3197.6 111.110 222.2 173.910 43.5 0.021 0.998

Baseline 33.108 0.0 0.7081 0.0 23.392 0.0 102.57 0.0 0.441 0.980

FBE, 1ms, Wi-Fi 52.818 59.5 1.685 138.0 45.980 96.6 121.220 18.2 0.259 0.986

FBE, 4ms, Wi-Fi 55.941 69.0 2.586 265.2 50.004 113.8 121.220 18.2 0.192 0.991

LBE,Q=3, Wi-Fi 50.708 53.2 1.465 106.9 43.720 86.9 121.220 18.2 0.286 0.987

LBE,Q=10, Wi-Fi 50.982 54.0 1.487 109.9 44.202 89.0 121.220 18.2 0.294 0.982

FBE, 1ms, LAA 123.990 274.5 45.455 6319.3 125.000 434.4 200.000 95.0 0.025 0.999

FBE, 4ms, LAA 107.580 225.0 46.512 6468.6 108.110 362.2 173.910 69.6 0.027 0.999

LBE,Q=3, LAA 95.482 188.4 29.851 4115.6 93.024 297.7 166.670 62.5 0.033 0.999

LBE,Q=10, LAA 101.160 205.6 39.216 5438.2 100.000 327.5 173.910 69.6 0.030 0.999

Baseline 27.306 0.0 0.6636 0.0 18.141 0.0 85.113 0.0 0.592 0.976

FBE, 1ms, Wi-Fi 51.043 86.9 2.489 275.1 43.958 142.3 121.220 42.4 0.254 0.986

FBE, 4ms, Wi-Fi 48.354 77.1 1.627 145.1 40.405 122.7 121.220 42.4 0.314 0.978

LBE,Q=3, Wi-Fi 45.798 67.7 1.405 111.7 36.038 98.7 121.220 42.4 0.324 0.981

LBE,Q=10, Wi-Fi 45.021 64.9 1.044 57.4 36.364 100.5 121.220 42.4 0.338 0.978

FBE, 1ms, LAA 119.640 338.1 45.977 6828.5 117.650 548.5 200.000 135.0 0.030 0.999

FBE, 4ms, LAA 97.524 257.2 34.783 5141.5 93.024 412.8 173.910 104.3 0.036 0.999

LBE,Q=3, LAA 91.724 235.9 29.851 4398.3 85.107 369.1 166.670 95.8 0.040 0.999

LBE,Q=10, LAA 91.971 236.8 30.075 4432.1 84.220 364.3 173.910 104.3 0.040 0.999
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4. Conclusion 

In this contribution, we provided our evaluation results of LAA with both FBE- and LBE-based LBT in the coexistence scenario with Wi-Fi. From the evaluation results, we found that both FBE- and LBE-based LBT for LAA ensures the Wi-Fi performance in the Wi-Fi-LAA coexistence scenario.
Observation 1: LAA with the FBE-based LBT mechanism could have less of an impact on the neighboring Wi-Fi than another Wi-Fi. 
Observation 2: LAA with FBE- based LBT could achieve similar or better performance than LBE-based LBT if reuse factor 1 could not be achieved by LBE. 
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Appendix. Detailed Evaluation Assumptions
Table A-I - Simulation Parameters
 [image: image9.emf]Basic parameters Value

Bandwidth

20MHz in unlicensed band for Wi-Fi STA and LAA

UE, w/ and w/o 10MHz in licensed band for LAA UE

Carrier number (Y) 1

AP/small cell number per operator 4

DL Tx Power 18 dBm

SC/AP dropping Random and uniform within 50 m cluster radius

Mini. dist. b/w SC/AP 20 m of same operator, 10 m of different operator

UE/STA dropping Random and uniform within 20ms from each SC/AP

Cell selection Best RSRP-based larger than -82dBm

Antenna configuration 2D, 2x2 CPA, Omni-directional

MIMO Up to 2 streams

UE/STA receiver MMSE-IRC

Traffic model FTP model 1 with packet size of 0.5 Mbytes

Simulation step 8 us

LAA parameters Value

Link adaptation Close loop by CQI, PMI, RI feedback

HARQ Chase combine

MCS QSPK/16QAM/64QAM

CCA threshold (all) -62dBm

ECCA duration 24us

Initial CCA duration 32 us

Scheduler Proportional fairness

Wi-Fi parameters Value

MCS 802.11ac MCS table without 256QAM

Channel coding BCC

DIFS 32 us

RTS/CTS N/A

Contention window 15~1023

Max burst length 4 ms

Frame aggregation A-MPDU

MPDU 1.5 K Byte size

Link adaptation Open loop using ACK

CCA-CS (Wi-Fi ) -82 dBm

CCA-ED (all) -62 dBm

Scheduler Round-robin
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