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1
Introduction

The Work Item on LAA in unlicensed spectrum (RP-151045) was approved at RAN plenary meeting #68 [3]. One objective of the LAA WI is to agree on the principles of the UL channel access [3]. 

“When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in future release without modifications to the DL design.”
Based on the outcomes of the LAA Study Item [1], the listen-before-talk (LBT) is identified as a vital feature for fair and friendly operation in the unlicensed spectrum for LAA [2]. Some progress has been made regarding the LAA UL LBT in the RAN1#81 meeting. The following has been agreed: [2]
“It is recommended that LAA supports uplink LBT at the UE. The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) for example, since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities.”
However, there were some proposals in RAN1#82 to suggest that non-LBT could be used for LAA UL. In this contribution, we discuss the LAA UL LBT design. Particularly, we propose one LAA UL LBT scheme. We also provide coexistence evaluation results for the proposal and compare the coexistence performance of the proposed scheme with that of the non-LBT scheme through simulations.
2
Discussion
2.1. LAA DL/UL LBT scheme

2.1.1 LAA DL LBT design

In our design, the LAA DL LBT is based on the LBT category 4 proposal [4] submitted to RAN1#81. The salient features are as follows:

· LAA DL LBT uses an exponential backoff window. 
· The minimum size of the contention window is CWmin = 15 and the maximum size is CWmax = 1023. 
· The LAA LBT scheme also uses a slot time 9us to match Wi-Fi. 
· The initial CCA period and extended CCA (eCCA) defer period both use 43us that matches the Wi-Fi best effort access category (AC-BE) initial defer period since LAA delivers best effort data traffic in the simulations. 
· The LAA LBT uses the latest HARQ feedback to decide to double or reset the contention window size. 
· LAA DL LBT utilizes only energy detection (ED) for the clear channel assessment (CCA) and the ED detection threshold is chosen as -82dBm.

· The maximum DL transmission burst length is 5ms.

Thus the LBT design largely follows the Wi-Fi 802.11ac channel access scheme EDCA [5] to decide the values & choices for the parameters & design options. For the detailed LAA LBT scheme design, please refer to the companion contribution [6]. 
2.1.2 LAA UL LBT design

For LAA UL, this contribution proposes an LBT design with one-shot fixed LBT. The salient features are as follows:

· Whenever LAA UE prepares to start UL transmission it must do an ED-only CCA for 25us period. 
· UL transmission is only allowed when the CCA indicates the channel as idle.
· The 25us CCA time is derived from the Wi-Fi Short Inter-Frame Space (SIFS) of 16us plus one slot time of 9us. 
· The CCA ED threshold is -72dBm. We will compare the ED threshold performance with that of ED = -62dBm in the simulation results section.
· The maximum UL transmission burst length is 5ms. 
The simulations assume single-user scheduling within one UL subframe. We also assume that LAA UL is based on the self-scheduling. 
We would like to emphasize that UL LBT must be designed together with DL LBT since LAA UL is based on scheduled access. The above UL LBT design parameters are chosen based on the associated DL LBT design. If the DL LBT design is changed, the UL LBT design needs to be reassessed accordingly in order to ensure the overall fair coexistence performance.
In the simulation studies, we also compare the performance of the above fixed UL LBT scheme with the UL non-LBT scheme. In the non-LBT scheme there is no CCA preceding the UL transmission and the UE can start UL transmission from the designated time as indicated by the UL grant. 

2.2 Simulation configuration

The simulation configuration is based on the indoor scenario as in [2]. The detailed simulation parameters are listed in the Appendix. We tested the single channel coexistence for the Wi-Fi UL+DL and LAA UL+DL case and used the mixed traffic model for the study. We used the same approach as in [2] to evaluate the coexistence impacts. First, we generated the baseline performance based on two Wi-Fi networks (Wi-Fi A and Wi-Fi B) coexisting in the scenario. Then, we replaced the Wi-Fi network A with an LAA network in the same scenario and repeated the test. During the replacement, no traffic offloading to a licenced carrier was used in the LAA network.

2.3. Simulation results

2.3.1 Comparison between LAA UL LBT scheme and non-LBT scheme
The coexistence results for the proposed LAA UL LBT are shown in Table 1. The coexistence results for the LAA UL non-LBT scheme are shown in Table 2.
Table 1 LAA DL LBT ED = -82dBm, UL LBT ED = -72dBm, UL LBT period=25us
	Reported parameters
	Low load

BO range for Wi-Fi in Step 1: 10%~25%
	Medium load

BO range for Wi-Fi in Step 1: 35%~50%
	High load

BO range for Wi-Fi in Step 1: above 55%

	
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2

	DL:

UPT CDF

[Mbps]
	5%
	39.67
	32.71
	47.29
	34.09
	1.143
	0.714
	32.81
	15.21
	0
	0.002
	15.69
	3.906

	
	50%
	84.208
	83.804
	86.319
	81.912
	48.087
	51.009
	74.713
	65.109
	5.615.
	5.907.
	55.4
	38.182

	
	95%
	127.05
	126.68
	129.69
	132.32
	109.8
	107.06
	121.7
	117.21
	50.041
	53.49
	98.637
	86.452

	
	Mean
	83.488
	80.949
	86.22
	80.018
	52.592
	52.073
	74.992
	66.134
	13.272
	14.132
	56.762
	41.301

	DL:

Delay CDF

[s]
	5%
	0.005
	0.006
	0.005
	0.007
	0.087
	0.098
	0.005
	0.019
	0.78
	0.599
	0.01
	0.044

	
	50%
	0.03
	0.032
	0.028
	0.034
	0.309
	0.472
	0.037
	0.112
	2.235
	2.064
	0.061
	0.224

	
	95%
	0.095
	0.118
	0.083
	0.171
	1.649
	1.644
	0.234
	0.553
	6.55
	6.802
	0.506
	1.391

	
	Mean
	0.036
	0.044
	0.034
	0.055
	0.558
	0.615
	0.065
	0.172
	2.841
	2.759
	0.141
	0.415

	UL:

UPT CDF

[Mbps]
	5%
	40.26
	36.15
	39.51
	23.6
	1.577
	2.292
	22.58
	12.59
	0.15
	0.173
	13.71
	2.687

	
	50%
	79.617
	83.318
	84.173
	53.169
	49.693
	45.991
	73.787
	38.271
	7.368.
	8.170.
	48.05
	21.557

	
	95%
	129.34
	126.99
	130.96
	85.196
	103.7
	101.44
	121.04
	71.115
	46.646
	49.511
	96.578
	52.266

	
	Mean
	80.732
	81.074
	82.975
	52.542
	50.211
	48.282
	70.878
	39.646
	14.317
	14.559
	51.185
	22.37

	UL:

Delay CDF

[s]
	5%
	0.005
	0.005
	0.005
	0.008
	0.038
	0.111
	0.006
	0.014
	0.189
	0.271
	0.008
	0.105

	
	50%
	0.031
	0.032
	0.033
	0.056
	0.355
	0.4
	0.057
	0.151
	1.371
	1.465
	0.077
	0.667

	
	95%
	0.136
	0.122
	0.118
	0.268
	1.562
	1.457
	0.278
	0.879
	5.085
	5.146
	0.496
	2.53

	
	Mean
	0.046
	0.043
	0.043
	0.088
	0.514
	0.549
	0.087
	0.274
	1.836
	1.939
	0.141
	0.948

	VoIP outage
	0
	N/A
	0
	N/A
	30
	N/A
	0
	N/A
	92.857
	N/A
	0
	N/A

	VoIP outage(DL)
	0
	N/A
	0
	N/A
	26.667
	N/A
	0
	N/A
	78.571
	N/A
	0
	N/A

	VoIP outage(UL)
	0
	N/A
	0
	N/A
	20
	N/A
	0
	N/A
	75
	N/A
	0
	N/A

	𝜌DL
	0.984
	0.983
	0.985
	0.982
	0.865
	0.85
	0.974
	0.959
	0.515
	0.496
	0.936
	0.89

	𝜌UL
	0.981
	0.984
	0.98
	0.981
	0.904
	0.92
	0.969
	0.968
	0.705
	0.715
	0.932
	0.879

	BO
	0.128
	0.107
	0.121
	0.147
	0.374
	0.364
	0.191
	0.263
	0.737
	0.743
	0.312
	0.487

	𝜆
	0.17
	0.2061
	0.25

	Company/tdoc: Broadcom/ R1-154494
Additional information:

· LBT category: Category 4 on DL and one-shot 25us LBT on UL
· Sensing threshold used: LAA CCA-ED -82 dBm on DL and -72dBm on UL
· Whether defer periods are used or not: Yes. Defer period 43us on DL
· CCA and ECCA slot length: 9 μs

· CWmin=15, CWmax=1023

· Whether or not intra and/or inter-RAT detection is assumed: No. only CCA-ED
· No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.
· 50% & 50% for DL & UL traffic ratio


Table 2 LAA DL LBT ED = -82dBm, UL non-LBT
	Reported parameters
	Low load

BO range for Wi-Fi in Step 1: 10%~25%
	Medium load

BO range for Wi-Fi in Step 1: 35%~50%
	High load

BO range for Wi-Fi in Step 1: above 55%

	
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2

	DL:

UPT CDF

[Mbps]
	5%
	39.67
	32.71
	32.340
	30.063
	1.143
	0.714
	23.043
	6.927
	0
	0.002
	2.188
	0.180

	
	50%
	84.208
	83.804
	80.700
	73.122
	48.087
	51.009
	59.604
	52.073
	5.615.
	5.907.
	37.890
	16.972

	
	95%
	127.05
	126.68
	125.968
	134.546
	109.8
	107.06
	108.572
	111.374
	50.041
	53.49
	85.524
	66.437

	
	Mean
	83.488
	80.949
	80.219
	73.924
	52.592
	52.073
	60.832
	53.576
	13.272
	14.132
	38.861
	22.866

	DL:

Delay CDF

[s]
	5%
	0.005
	0.006
	0.005
	0.007
	0.087
	0.098
	0.008
	0.018
	0.78
	0.599
	0.153
	0.204

	
	50%
	0.03
	0.032
	0.030
	0.044
	0.309
	0.472
	0.052
	0.141
	2.235
	2.064
	0.412
	0.866

	
	95%
	0.095
	0.118
	0.109
	0.215
	1.649
	1.644
	0.278
	0.791
	6.55
	6.802
	1.059
	3.356

	
	Mean
	0.036
	0.044
	0.040
	0.069
	0.558
	0.615
	0.083
	0.237
	2.841
	2.759
	0.467
	1.244

	UL:

UPT CDF

[Mbps]
	5%
	40.26
	36.15
	28.135
	19.871
	1.577
	2.292
	9.354
	4.983
	0.15
	0.173
	2.053
	0.128

	
	50%
	79.617
	83.318
	76.990
	48.793
	49.693
	45.991
	60.047
	30.405
	7.368.
	8.170.
	31.502
	10.655

	
	95%
	129.34
	126.99
	125.001
	84.822
	103.7
	101.44
	103.238
	72.287
	46.646
	49.511
	74.015
	40.809

	
	Mean
	80.732
	81.074
	76.679
	49.233
	50.211
	48.282
	55.500
	31.891
	14.317
	14.559
	34.875
	13.158

	UL:

Delay CDF

[s]
	5%
	0.005
	0.005
	0.005
	0.010
	0.038
	0.111
	0.009
	0.030
	0.189
	0.271
	0.025
	0.217

	
	50%
	0.031
	0.032
	0.040
	0.061
	0.355
	0.4
	0.083
	0.231
	1.371
	1.465
	0.241
	1.487

	
	95%
	0.136
	0.122
	0.153
	0.284
	1.562
	1.457
	0.381
	1.048
	5.085
	5.146
	1.055
	4.381

	
	Mean
	0.046
	0.043
	0.054
	0.096
	0.514
	0.549
	0.120
	0.344
	1.836
	1.939
	0.355
	1.785

	VoIP outage
	0
	N/A
	0
	N/A
	30
	N/A
	3.571
	N/A
	92.857
	N/A
	7.143
	N/A

	VoIP outage(DL)
	0
	N/A
	0
	N/A
	26.667
	N/A
	0
	N/A
	78.571
	N/A
	0
	N/A

	VoIP outage(UL)
	0
	N/A
	0
	N/A
	20
	N/A
	3.571
	N/A
	75
	N/A
	7.143
	N/A

	𝜌DL
	0.984
	0.983
	0.966
	0.962
	0.865
	0.85
	0.954
	0.916
	0.515
	0.496
	0.906
	0.783

	𝜌UL
	0.981
	0.984
	0.965
	0.958
	0.904
	0.92
	0.953
	0.927
	0.705
	0.715
	0.911
	0.763

	BO
	0.128
	0.107
	0.141
	0.160
	0.374
	0.364
	0.251
	0.327
	0.737
	0.743
	0.450
	0.626

	𝜆
	0.17
	0.2061
	0.25

	Company/tdoc: Broadcom/ R1-154494
Additional information:

· LBT category: Category 4 on DL and non-LBT on UL with self-scheduling
· Sensing threshold used: LAA CCA-ED -82 dBm on DL and -62dBm on UL
· Whether defer periods are used or not: Yes. Defer period 43us for DL
· CCA and ECCA slot length: 9 μs

· CWmin=15, CWmax=1023

· Whether or not intra and/or inter-RAT detection is assumed: No. only CCA-ED
· No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.
· 50% & 50% for DL & UL traffic ratio


Based on the above simulation results, we can have the following observations.

Observation 1:

The proposed LAA DL & UL LBT framework can ensure the fair coexistence with Wi-Fi in the simulated Wi-Fi UL+DL and LAA UL+DL scenario for both the best effort data traffic and real time VoIP service. The detailed LBT framework parameters are as following:

· Category 4 LBT for DL

· Dynamic random exponential backoff

· CWmin = 15 & CWmax = 1023

· Using the latest HARQ feedback to decide to double or reset the contention window size

· Slot time 9us

· CCA ED threshold -82dBm

· Defer period 43us

· One-shot LBT for UL

· CCA ED threshold -72dBm

· LBT period 25us (SIFS + one slot)

Observation 2:

The LAA UL non-LBT scheme can degrade both the Wi-Fi and LAA performance significantly compared with the proposed LAA UL scheme. For example, in the high load condition, the Wi-Fi DL mean UPT is degraded from 56.8 Mbps to 38.9 Mbps and the 5 percentile DL UPT is degraded from 15.7 Mbps to 2.2 Mbps (more than 7 times drop) due to the non-LBT. In the same condition, the LAA DL mean UPT is degraded from 41.3 Mbps to 22.9 Mbps and the 5 percentile DL UPT is degraded from 3.9 Mbps to 0.180 Mbps (more than 20 times drop) due to the non-LBT. At the same time, the Wi-Fi VoIP outage is increased from 0% to 7.1% due to the non-LBT scheme. The main reason for the performance degradation of the non-LBT scheme is that the LAA UL transmission without any LBT can cause more collisions and then consequently cause more interference for both Wi-Fi and LAA systems.

2.3.2 Comparison between different LAA UL LBT ED thresholds
The coexistence results for LAA UL LBT with ED threshold -62dBm are shown in Table 3.
Table 3 LAA DL LBT ED = -82dBm, UL LBT ED = -62dBm, UL LBT period=25us
	Reported parameters
	Low load

BO range for Wi-Fi in Step 1: 10%~25%
	Medium load

BO range for Wi-Fi in Step 1: 35%~50%
	High load

BO range for Wi-Fi in Step 1: above 55%

	
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2
	Wi-Fi Opt.B in

step 1
	Wi-Fi Opt.A in

step 1
	Wi-Fi Opt. B in

step 2
	LAA Opt.A

in

step 2

	DL:

UPT CDF

[Mbps]
	5%
	39.67
	32.71
	38.12
	34.88
	1.143
	0.714
	32.77
	11.41
	0
	0.002
	14.69
	2.056

	
	50%
	84.208
	83.804
	86.318
	79.589
	48.087
	51.009
	71.49
	60.123
	5.615.
	5.907.
	52.511
	32.14

	
	95%
	127.05
	126.68
	128.68
	131.8
	109.8
	107.06
	117.35
	110.72
	50.041
	53.49
	93.498
	75.954

	
	Mean
	83.488
	80.949
	85.29
	79.228
	52.592
	52.073
	71.37
	61.537
	13.272
	14.132
	53.202
	34.838

	DL:

Delay CDF

[s]
	5%
	0.005
	0.006
	0.005
	0.007
	0.087
	0.098
	0.006
	0.049
	0.78
	0.599
	0.007
	0.055

	
	50%
	0.03
	0.032
	0.029
	0.036
	0.309
	0.472
	0.036
	0.146
	2.235
	2.064
	0.07
	0.341

	
	95%
	0.095
	0.118
	0.093
	0.19
	1.649
	1.644
	0.217
	0.73
	6.55
	6.802
	0.457
	1.785

	
	Mean
	0.036
	0.044
	0.035
	0.062
	0.558
	0.615
	0.062
	0.245
	2.841
	2.759
	0.136
	0.577

	UL:

UPT CDF

[Mbps]
	5%
	40.26
	36.15
	26.63
	21.68
	1.577
	2.292
	13.8
	9.878
	0.15
	0.173
	10.73
	1.666

	
	50%
	79.617
	83.318
	84.392
	51.304
	49.693
	45.991
	69.235
	35.939
	7.368.
	8.170.
	45.356
	15.268

	
	95%
	129.34
	126.99
	133.65
	86.014
	103.7
	101.44
	120
	70.275
	46.646
	49.511
	93.884
	42.591

	
	Mean
	80.732
	81.074
	81.887
	52.219
	50.211
	48.282
	65.538
	36.566
	14.317
	14.559
	47.526
	18.176

	UL:

Delay CDF

[s]
	5%
	0.005
	0.005
	0.005
	0.01
	0.038
	0.111
	0.008
	0.02
	0.189
	0.271
	0.009
	0.103

	
	50%
	0.031
	0.032
	0.037
	0.061
	0.355
	0.4
	0.071
	0.183
	1.371
	1.465
	0.142
	0.655

	
	95%
	0.136
	0.122
	0.13
	0.292
	1.562
	1.457
	0.342
	1.191
	5.085
	5.146
	0.68
	2.993

	
	Mean
	0.046
	0.043
	0.048
	0.099
	0.514
	0.549
	0.104
	0.365
	1.836
	1.939
	0.215
	1.047

	VoIP outage
	0
	N/A
	0
	NA
	30
	N/A
	0
	NA
	92.857
	N/A
	6.667
	NA

	VoIP outage(DL)
	0
	N/A
	0
	NA
	26.667
	N/A
	0
	NA
	78.571
	N/A
	6.667
	NA

	VoIP outage(UL)
	0
	N/A
	0
	NA
	20
	N/A
	0
	NA
	75
	N/A
	3.333
	NA

	𝜌DL
	0.984
	0.983
	0.985
	0.983
	0.865
	0.85
	0.978
	0.949
	0.515
	0.496
	0.939
	0.882

	𝜌UL
	0.981
	0.984
	0.98
	0.98
	0.904
	0.92
	0.971
	0.945
	0.705
	0.715
	0.937
	0.872

	BO
	0.128
	0.107
	0.127
	0.153
	0.374
	0.364
	0.215
	0.295
	0.737
	0.743
	0.336
	0.531

	𝜆
	0.17
	0.2061
	0.25

	Company/tdoc: Broadcom/ R1-154494
Additional information:

· LBT category: Category 4 on DL and one-shot 25us LBT on UL
· Sensing threshold used: LAA CCA-ED -82 dBm on DL and -62dBm on UL
· Whether defer periods are used or not: Yes. Defer period 43us on DL
· CCA and ECCA slot length: 9 μs

· CWmin=15, CWmax=1023

· Whether or not intra and/or inter-RAT detection is assumed: No. only CCA-ED
· No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.
· 50% & 50% for DL & UL traffic ratio


Compared the above results with those of the proposed UL LBT scheme with the ED threshold -72dBm in Table 1, we can have the following observation.
Observation 3:

The lower UL LBT ED threshold of -72dBm can produce the better coexistence results for both LAA and Wi-Fi systems in the scenario compared with the ED threshold -62dBm. For example, in the high load condition, the LAA DL and UL mean UPT can be improved by 18.5% and 23% with the -72dBm threshold, respectively. The LAA DL and UL 5 percentile UPT can be improved by 90% and 61% in the same condition, respectively. For the Wi-Fi network, the performance improvement for the DL and UL 5 percentile UPT with the -72dBm ED threshold in the same condition can be 7% and 28%, respectively. Additionally, the VoIP outage is reduced from 6.7% to 0% with the -72dBm threshold. The performance improvement can be explained by the fact that the lower UL LBT ED threshold of -72dBm can reduce the transmission collision probability. Hence, we propose the -72dBm ED threshold for the LAA UL LBT.
2.3.3 Summary of observations

We provide below a graphical comparison of the coexistence performance of the 3 UL LBT schemes discussed in the above sections based on the following metrics:
· Mean DL/UL UPT of Wi-Fi and LAA for high/medium/low loads
· 5%ile DL/UL UPT of Wi-Fi and LAA for high/medium/low loads
· DL/UL/Combined voice outage in Wi-Fi for high/medium/low loads
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3
Conclusions

In this contribution, we have proposed the LBT design for the LAA UL. We verified the UL LBT proposal through simulations. We also compared the proposed LBT scheme with non-LBT scheme through simulations. Based on the simulation results we make the following observations and proposals.

Observation 1: The proposed LAA DL and UL LBT framework can ensure the fair coexistence with Wi-Fi in the simulated Wi-Fi UL+DL and LAA UL+DL scenario for both the best effort data traffic and real time VoIP service.

Observation 2: The LAA UL non-LBT scheme can degrade both the Wi-Fi and LAA performance significantly compared with the proposed LAA UL scheme.
Observation 3: The lower UL LBT ED threshold of -72dBm can produce the better coexistence results for both LAA and Wi-Fi systems in the scenario compared with the ED threshold -62dBm.

Proposal 1: The following LAA DL and UL LBT framework can be adopted for the LAA system with DL and UL and with UL self-scheduling.

· Category 4 LBT for DL

· Dynamic random exponential backoff

· CWmin = 15 & CWmax = 1023

· Using the latest HARQ feedback to decide to double or reset the contention window size

· Slot time 9us

· CCA ED threshold -82dBm

· Defer period 43us

· One-shot LBT for UL

· CCA ED threshold -72dBm

· LBT period 25us (SIFS + one slot)

Proposal 2: The non-LBT scheme should not be a design option for the LAA UL LBT design.
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Appendix: Simulation parameters

The simulation configuration follows the configuration and broad agreements in [2]. The specific parameter selections are as given below.
Table 4 Indoor scenario parameters

	
	Licensed cell
	Unlicensed cell

	Layout for nodes
	Two operators deploy 4 small cells each in the single-floor building. 

The small cells of each operator are equally spaced and centered along the shorter dimension of the building. The distance between two closest nodes from two operators is random. The set of small cells for both operators is centered along the longer dimension of the building.
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	System bandwidth per carrier
	10MHz
	20MHz

	Carrier frequency 
	3.5GHz
	5.0GHz

	Number of carriers
	2 (one for each operator)
	For DL-only LAA coexistence evaluations: 1 (to be shared between two operators) 

	Total BS TX power
	24dBm (Ptotal per carrier)
	18 dBm across aggregated carriers

	Total UE TX power 
	Total UE TX power: 23dBm across aggregated cells

Max total UE TX power per cell in licensed spectrum: 23dBm

Max total UE TX power across aggregated cells in unlicensed spectrum: 18 dBm 

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU InH [referring to Table B.1.2.1-1 in TR36.814]
Indoor UE-to-indoor UE: 3GPP TR 36.843 (D2D). 

	Penetration
	0dB

	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]

	Antenna pattern
	2D Omni-directional is baseline; directional antenna is not precluded

	Antenna Height: 
	6m 

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	5dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU InH

	Number of UEs 
	20 UEs per unlicensed band carrier per operator for DL+UL LAA coexistence evaluations for single unlicensed carrier


	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.

Example of a dropping method to achieve this with N=10 UEs: 

· Drop a large enough number of UEs, so that at least 10 UEs are covered by the small cell in the unlicensed band. 

· Randomly select 10 UEs from the UEs that have coverage.

	Minimum distance (2D distance)
	3m

	Traffic model
	FTP Model 3: The average file arrival time is 1 second.
FTP model file size: 0.5 Mbytes.

Mixed traffic model with each UE carrying only VoIP traffic or only FTP traffic in the Wi-Fi network that is not replaced by LAA.

· Two UEs with VoIP traffic in addition to UEs with FTP traffic

· The VoIP traffic model is based on G.729A (data rate is 24 kbps)

· Packet inter-arrival time: 20 ms

· Packet size: 60 bytes (payload plus IP header overhead)

· Voice activity is assumed to be 100%. Statistics are independently reported in each direction

· No associated control plane traffic is modelled
· For DL+UL coexistence evaluations the voice activity of the VoIP users is 50% for both DL and UL.

· For DL+UL coexistence evaluations for each VoIP user, On and Off periods of length X (e.g., X = 5) second alternates with each other in such a way that both DL and UL are not active at the same time.
· 50% DL traffic and 50% UL traffic
Each UE has the same UL/DL traffic arrival rate ratio
Overall offered load is the same for both the coexisting networks

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	7dB

	UE speed
	3km/h

	Cell selection criteria
	For LAA UEs, cell selection is based on RSRP in the unlicensed band. 

For WiFi STAs, cell selection is based on RSS (Received signal power strength) of WiFi APs. RSS threshold is -82 dBm.

	UE Bandwidth
	UE bandwidth for LAA: 10 MHz licensed + 20 MHz unlicensed 

· CA scheduling assumptions stated when reporting results: No traffic offloading on licensed carrier
· Served traffic per small cell per carrier can be reported

UE bandwidth for Wi-Fi: 20 MHz unlicensed

	Network synchronization
	For the same operator, the network can be synchronized and the assumed synchronization accuracy in such simulations should be stated.
Small cells of different operators are not synchronized.

	Performance metrics
	· Performance metric

· User perceived throughput (UPT)

· UPT CDF

· File throughput is calculated per file

· Unfinished files should be incorporated in the UPT calculation. 

· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).

· User throughput is the average of all its file throughputs

· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)
· Latency CDF

· If VoIP users are included, number of VoIP users with 98%ile latency greater than 50 ms should be reported
· In the case of both DL and UL traffic, 98%ile latency is measured independently for DL and UL.

· If 98%ile latency of DL is greater than 50ms, the user is declared to be in outage for DL. 

· The percentage of outage VoIP users for DL should be reported.

· If 98%ile latency of UL is greater than 50ms, the user is declared to be in outage for UL.

· The percentage of outage VoIP users for UL should be reported.

·  If max(98%ile latency of DL, 98%ile latency of UL) is greater than 50ms, the user is declared to be in outage. 

· The percentage of outage VoIP users should be reported
· Average buffer occupancy (BO)

· Details in appendix A 2.3

· Ratio of  mean served cell throughput and offered cell throughput independently for DL and for UL denoted by 𝜌

	DL/UL traffic ratio
	Baseline 50% DL traffic and 50% UL traffic


Table 5 Wi-Fi system evaluation assumptions
	Parameter
	Value

	MCS
	802.11ac MCS table with 256 QAM

	Antenna configuration
	2Tx2Rx in DL
2Tx2Rx in UL
Explicit Tx beamforming (TxBF)

	Channel coding
	LDPC code

	Frame aggregation
	A-MPDU

	MPDU size
	1500kB

	Max PPDU duration
	5 ms

(Asynchronous to LTE timing)

	MAC
	Coordination
	EDCA

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	Contention window
	EDCA

	CCA-CS
	-82dBm and preamble decoding
(Note preamble occupies the 20MHz system bandwidth with rate 1/2 coding and BPSK modulation)

	CCA-ED
	-62dBm

	ACK Modeled (successful reception, resources utilized)
	Yes

	DL/UL Duplexing
	DL traffic only for DL-only LAA coexistence evaluation

	Rate control
	Closed loop LA using the explicit TxBF information

	Channel selection
	Single channel case

	OFDM symbol length
	3.6 micro second (short GI)


Table 6 LTE system evaluation assumptions

	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration

	2Tx2Rx in DL

2Tx2Rx in UL

	Transmission schemes
	TM10, QPSK/16QAM/64QAM/256QAM

	Turbo code block interleaving depth
	Per LTE specs (1-14 LTE OFDM symbols dependent on MCS and PRB allocation)

	Link adaptation
	Closed loop

	CCA-ED
	-82dBm for DL and -62dBm for UL

	Cyclic Prefix
	Normal
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