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1 Introduction
In this contribution, we discuss the simulation results for the scenario in which both WiFi and LAA networks have DL and UL traffic focusing on the single channel indoor and outdoor scenario. We first discuss the channel access mechanism considered for the UL and then present simulation results to demonstrate the coexistence between WiFi and LAA networks. 

2 Uplink Channel Access Mechanism
In this section, we discuss a simple channel access mechanism used for UL transmission by LAA UEs. Each eNB knows the UEs having UL traffic when it receives a scheduling request and a BSR on the licensed carrier. Each eNB then selects one UE among the UEs which have UL traffic and then provides them grants on the licensed spectrum for transmission on the UL carrier. If the LAA SCell has DL traffic, then the eNB and the UEs TDM for channel access on the unlicensed carrier and no grants are transmitted if the eNB prepares to access the channel. 
A UE which receives the grant to transmit on the unlicensed carrier will start performing CCA based on LBT Category 3 with no deferral. The eNB continuously provides the selected UEs with grants for the UE to continue performing the CCA and then persistent transmission on the unlicensed carrier as a UL grant expire at the end of a subframe. Once the UE obtains the channel after completing the CCA procedure, it can transmit for the whole duration of a TXOP which is the same as the TXOP of the eNB. After the completion of the TXOP, the eNB then either schedules DL transmission or another UL transmission for a possibly different user depending on the buffer status.

Though the channel access mechanism is simplistic compared to what might be used in LAA operation (which allows multiple UEs to synchronize on the UL and also allows UEs to transmit in a TDM fashion on a short time scale within a TXOP), it models the key behaviour of scheduled channel access on the UL, thus controlling the amount of contention seen on the medium and provides valuable insights into the co-existence between WiFi and LAA networks with both DL and UL traffic.
3 Simulation Results

We consider the single channel indoor and outdoor scenario for this evaluation with 50 UEs per operator (Note that this is an additional simulation scenario not part of the agreed simulation scenarios). The channel access scheme on both the DL and the UL for LAA is based on Category 3 LBT with the value of “q” fixed for the duration of the simulation. A traffic ratio of 50% DL and 50% UL is assumed for each node. No deferral is used after a busy period for the LAA network on both the DL and the UL.  For WiFi nodes, the ED threshold is -62dBm and for LAA nodes the ED threshold is -82dBm for both DL and UL channel access. In addition, RTS/CTS is enabled for the WiFi nodes.
We report the needed statistics at the low, medium and high offered loads, where the low, medium and high loads refer to the offer rates when the downlink buffer occupancy of the Wi-Fi operator 1 in the step 1 is respectively 20%, 40% and 60%. The simulated results do not exactly align with these buffer occupancy marks and the reported numerical values are linearly interpolated to match these marks.

3.1 Single Channel Indoor Scenario

	Reported parameters
	Low load

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

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

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

	
	Wi-Fi Opt1  in

step 1
	Wi-Fi Opt.2 in step 1
	Wi-Fi Opt. 1 in

step 2
	LAA Opt.2

in

step 2
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt. 1 in

step 2
	LAA Opt.2

in

step 2
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt. 1 in

step 2
	LAA Opt.2

in

step 2

	DL:

UPT CDF

[Mbps]
	5%
	21.306
	22.073
	35.700
	69.143
	3.064
	3.535
	21.644
	40.309
	1.766
	2.036
	12.414
	23.115

	
	50%
	51.082
	51.109
	61.143
	100.647
	32.822
	33.273
	45.228
	76.354
	19.145
	19.310
	26.703
	46.583

	
	95%
	72.616
	72.616
	81.298
	121.291
	55.835
	55.541
	65.973
	100.47
	40.395
	40.132
	45.980
	70.805

	
	Mean
	49.985
	49.874
	60.125
	98.526
	32.401
	32.424
	44.648
	74.011
	20.643
	20.576
	27.825
	46.554

	DL:

Delay CDF

[s]
	5%
	0.188
	0.181
	0.112
	0.058
	1.305
	1.132
	0.185
	0.099
	2.265
	1.965
	0.322
	0.173

	
	50%
	0.078
	0.078
	0.065
	0.040
	0.122
	0.120
	0.088
	0.052
	0.209
	0.207
	0.150
	0.086

	
	95%
	0.055
	0.055
	0.049
	0.033
	0.072
	0.072
	0.061
	0.040
	0.099
	0.100
	0.087
	0.056

	
	Mean
	0.080
	0.080
	0.067
	0.041
	0.123
	0.123
	0.090
	0.054
	0.194
	0.194
	0.144
	0.086

	UL:

UPT CDF

[Mbps]
	5%
	22.176
	21.934
	35.268
	40.830
	3.005
	3.048
	20.474
	32.455
	1.744
	1.769
	11.763
	21.377

	
	50%
	50.724
	50.784
	60.757
	65.021
	32.385
	32.439
	44.813
	55.722
	19.718
	19.717
	26.835
	45.861

	
	95%
	72.084
	72.062
	80.213
	83.377
	54.543
	54.435
	64.552
	74.104
	38.099
	38.153
	43.624
	65.764

	
	Mean
	49.706
	49.671
	59.610
	64.085
	31.695
	31.661
	43.839
	54.933
	20.156
	20.130
	27.077
	45.219

	UL:

Delay CDF

[s]
	5%
	0.180
	0.182
	0.113
	0.098
	1.331
	1.312
	0.195
	0.123
	2.294
	2.261
	0.340
	0.187

	
	50%
	0.079
	0.079
	0.066
	0.062
	0.124
	0.123
	0.089
	0.072
	0.203
	0.203
	0.149
	0.087

	
	95%
	0.055
	0.056
	0.050
	0.048
	0.073
	0.073
	0.062
	0.054
	0.105
	0.105
	0.092
	0.061

	
	Mean
	0.080
	0.081
	0.067
	0.062
	0.126
	0.126
	0.091
	0.073
	0.198
	0.199
	0.148
	0.088

	𝜌DL
	0.99
	0.99
	1.00
	1.00
	0.94
	0.95
	0.96
	0.98
	0.84
	0.83
	0.86
	0.92

	𝜌UL
	1.00
	1.00
	1.00
	1.00
	0.99
	0.99
	0.99
	1.00
	0.98
	0.96
	0.98
	1.00

	BODL
	0.20
	0.20
	0.12
	0.06
	0.40
	0.40
	0.27
	0.17
	0.60
	0.60
	0.52
	0.40

	BOUL
	0.20
	0.20
	0.12
	0.08
	0.40
	0.40
	0.27
	0.15
	0.61
	0.61
	0.53
	0.25

	𝜆
	0.49Mbps
	0.62Mbps
	0.70Mbps

	Company/tdoc: QCOM/R1-153429
LBT category 3 with q = 25 and 20us CCA slots and 9.5ms TXOP for both DL and UL LAA transmission and 50 UEs per operator
Additional information: ED threshold: Wi-Fi: -62 dBm; LAA: -82 dBm. WiFi preamble detection threshold = 4dB SINR.
RTS-CTS enabled on Wi-Fi


3.1.1 Single Channel Outdoor Scenario

	Reported parameters
	Low load

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

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

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

	
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt. 1 in

step 2
	LAA Opt.2

in

step 2
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt. 1 in

step 2
	LAA Opt.2

in

step 2
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt. 1 in

step 2
	LAA Opt.2

in

step 2

	DL:

UPT CDF

[Mbps]
	5%
	11.957
	11.489
	23.668
	49.289
	2.164
	2.063
	17.256
	33.965
	1.191
	1.137
	9.597
	19.318

	
	50%
	39.388
	40.319
	57.107
	96.915
	23.861
	25.005
	49.200
	80.353
	15.129
	15.949
	36.271
	56.160

	
	95%
	68.026
	68.034
	83.258
	124.595
	55.204
	54.153
	77.110
	112.18
	41.775
	41.341
	68.117
	95.509

	
	Mean
	39.760
	40.117
	55.785
	93.470
	25.703
	26.054
	48.516
	77.798
	17.449
	17.802
	37.314
	56.799

	DL:

Delay CDF

[s]
	5%
	0.335
	0.348
	0.169
	0.081
	1.848
	1.939
	0.232
	0.118
	3.359
	3.518
	0.417
	0.207

	
	50%
	0.102
	0.099
	0.070
	0.041
	0.168
	0.160
	0.081
	0.050
	0.264
	0.251
	0.110
	0.071

	
	95%
	0.059
	0.059
	0.048
	0.032
	0.072
	0.074
	0.052
	0.036
	0.096
	0.097
	0.059
	0.042

	
	Mean
	0.101
	0.100
	0.072
	0.043
	0.156
	0.154
	0.082
	0.051
	0.229
	0.225
	0.107
	0.070

	UL:

UPT CDF

[Mbps]
	5%
	10.414
	9.910
	20.010
	39.053
	1.108
	1.068
	14.030
	26.098
	0.613
	0.592
	7.721
	14.476

	
	50%
	35.237
	35.742
	52.444
	86.472
	18.599
	19.041
	43.371
	70.409
	11.107
	11.440
	29.787
	48.748

	
	95%
	65.834
	66.144
	80.629
	116.017
	50.436
	49.665
	73.107
	105.04
	35.646
	35.256
	62.373
	90.259

	
	Mean
	36.233
	36.789
	51.779
	83.418
	21.250
	21.543
	43.376
	69.013
	13.661
	13.948
	31.723
	50.058

	UL:

Delay CDF

[s]
	5%
	0.384
	0.404
	0.200
	0.102
	3.610
	3.745
	0.285
	0.153
	6.525
	6.757
	0.518
	0.276

	
	50%
	0.114
	0.112
	0.076
	0.046
	0.215
	0.210
	0.092
	0.057
	0.360
	0.350
	0.134
	0.082

	
	95%
	0.061
	0.060
	0.050
	0.034
	0.079
	0.081
	0.055
	0.038
	0.112
	0.113
	0.064
	0.044

	
	Mean
	0.110
	0.109
	0.077
	0.048
	0.188
	0.186
	0.092
	0.058
	0.293
	0.287
	0.126
	0.080

	𝜌DL
	0.99
	0.99
	1.00
	1.00
	0.98
	0.98
	1.00
	0.99
	0.92
	0.92
	0.98
	0.99

	𝜌UL
	0.99
	0.99
	1.00
	1.00
	0.98
	0.97
	1.00
	1.00
	0.91
	0.92
	0.98
	0.98

	BODL
	0.20
	0.21
	0.08
	0.04
	0.40
	0.41
	0.14
	0.08
	0.60
	0.60
	0.30
	0.19

	BOUL
	0.24
	0.24
	0.09
	0.05
	0.46
	0.47
	0.16
	0.10
	0.66
	0.66
	0.34
	0.23

	𝜆
	0.34Mbps
	0.41Mbps
	0.45Mbps

	Company/tdoc: QCOM/R1-153429
LBT category 3 with q = 25 and 20us CCA slots and 9.5ms TXOP for both DL and UL LAA transmission and 50 UEs per operator
Additional information: ED threshold: Wi-Fi: -62 dBm; LAA: -82 dBm. WiFi preamble detection threshold = 4dB SINR.
RTS-CTS enabled on Wi-Fi


4 Discussion 
The tables in Section 3 show the throughput, latency, buffer occupancy and the ratio of served to offered load for both the single channel indoor and outdoor scenario. A traffic split of 50% DL and 50% UL is used for all nodes in the network with 50 UEs assumed per operator. The results provide an overview of the coexistence between WiFi and LAA when both networks have a significant fraction of UL traffic with a larger density of nodes. The results clearly show that not only DL + UL LAA coexist with WiFi in a fair manner but also significantly boosts the performance as compared to the scenario when both WiFi networks coexist with each other.
Some of the elements that contribute to good coexistence between LAA and WiFi networks are

1. Scheduled UL for LAA reduces the amount of contention of the unlicensed carrier as only one UE is contending for the medium for a given eNB.

2. LAA uses a -82dBm threshold for WiFi nodes as opposed to WiFi which uses a -62dBm ED threshold when it cannot decode the preamble from the received burst

3. The channel access has an average idle duration of 250us (12.5 slots on average * 20us per slot) compared to around 100us for first transmission in WiFi. However, LAA nodes also use a 9.5ms TXOP compared to WiFi nodes which use a 3ms TXOP.

This shows that even in extreme load, density and disproportionate TXOP conditions, an LAA network can coexist with WiFi network with a large number of UEs contending for the UL.
5 Conclusions

In this document, we discussed the coexistence results between LAA and WiFi network when both networks have DL and UL traffic. We observe that 

1. The non-replaced WiFi operator has significantly better throughput and delay when coexisting with a LAA network when compared to a WiFi network with 50 UEs per operator
2. Consistent trends in performance improvement of the non-replaced operator are observed as the number of UEs are increased from 20UEs per operator [1] to 50UEs per operator
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7 Appendix - Simulation Assumptions

The following parameters are assumed for WiFi for the single channel indoor scenario

	Parameter Name 
	Value

	CCA-ED
	-62dBm

	CCA-CS
	SINR of 4dB

	Defer period for backoff
	Based on AIFS

	256 QAM
	Not used

	LDPC Codes
	Used

	RTS/CTS 
	Enabled

	Max TXOP
	3ms


The below set of parameters are assumed for LAA deployments for both indoor and outdoor scenarios.

	Parameter Name 
	Value

	Scheduling assumption
	All traffic on unlicensed only

	CCA-ED
	-82dBm

	LBT Category
	3

	q value
	25

	Max TXOP (DL and UL)
	9.5ms

	256 QAM 
	Not used

	CCA slot duration 
	20us

	Inter operator sync
	eNBs are time synchronized but channel access time may be asynchronous

	Intra and inter-RAT detection
	Not assumed
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