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Introduction
In this contribution we present and discuss additional evaluation results for the Wi-Fi and UL+DL LAA coexistence case with mixed FTP and VoIP traffic. We use LBT Cat 4 for the LAA DL and LBT Cat 2 for the LAA UL.

Evaluation methodology and assumptions
Our evaluation results are for the Indoor scenario using Y=1 (a single 5GHz channel). Both 50% DL / 50% UL traffic ratio and DL-heavy 80% DL / 20% UL traffic ratios are evaluated. We show mixed traffic results with FTP and VoIP.
The LAA eNB employs LBT Cat 4 for DL channel access. In the LAA UL, UEs which are dynamically scheduled by the eNB will employ LBT Cat 2 prior to the start of their first UL subframe in a reserved UL fixed frame period (FFP).
We show LAA UL performance and coexistence impacts onto Wi-Fi when using either short 24 us or long 48 us CCA durations with LAA UL channel access and the evaluated UL LBT Cat 2 scheme. In addition, we show performance for both UL CCA durations when operating in presence and absence of RTS/CTS.
DTX is used in the LAA DL and the UL to limit the maximum possible transmission duration for LAA transmitters. No carrier selection mechanism is employed by the LAA eNB.
Details of our evaluation assumptions, a description of the LAA channel access procedure used in our evaluation and the detailed parameterization for DL LBT Cat 4 and UL LBT Cat2 are shown in Appendix B.

Coexistence evaluation results for Wi-Fi and UL+DL LAA
For the 2 coexistence evaluation cases, Wi-Fi/Wi-Fi and Wi-Fi/LAA, our UL+DL results for the Indoor Scenario are summarized in Appendix A.
Table A.1-A.8 in Appendix A contain our evaluation results for Wi-Fi/Wi-Fi and Wi-Fi/LAA. Separate tables are provided for short (24 us) and long (48 us) CCA durations with UL LBT Cat 2, for symmetric 50% DL / 50% UL and DL heavy 80% DL / 20% UL traffic ratios and when operating presence or absence of RTS/CTS.
Figures 1-4 summarize our findings from these evaluation results. Each figure shows UL LBT Cat 2 performance when using either 24 or 48 us CCA durations. Figures 1-2 show results in absence of RTS/CTS for 50%DL / 50% UL and 80% DL / 20% UL traffic ratios respectively. Figures 3-4 show the corresponding set of results in presence of RTS/CTS.
From these evaluation results, it can be observed that when considering FTP traffic, Wi-Fi does better with LAA as a neighbor as opposed to Wi-Fi as a neighbor across all load points. This holds true for both symmetric as well as asymmetric traffic cases and in absence or presence of RTS/CTS.
[bookmark: _GoBack]For Wi-Fi/LAA, the FTP throughput in DL and UL improves when compared to the Wi-Fi/Wi-Fi coexistence case, whereas the overall VoIP outage is no worse than in the Wi-Fi/Wi-Fi coexistence case. A slight improvement in DL and UL Wi-Fi FTP throughput can be observed for the case where the LAA UL LBT Cat 2 uses the longer 48 us CCA duration when compared to the shorter 24 us CCA duration.
Our evaluation results in Figure 1 and 2 without RTS/CTS show that the LAA UL LBT Cat 2 CCA duration can have a an impact onto Wi-Fi VoIP UE outage with both symmetric and asymmetric traffic.
For the example of 50% DL/50% UL traffic in Figure 1, at high load the short LAA UL LBT Cat 2 CCA duration of 24 us yields slightly worse VoIP outage ratios even though better than in the Wi-Fi/Wi-Fi coexistence case when compared to the case where the UL CCA duration is chosen to be 48 us. Similar behavior can be observed in Figure 2 for 80% DL/20% UL traffic, at medium and high load points, a CCA duration of 48 us would result in more favorable VoIP outage ratios than when using 24 us CCA. It can also be seen in Figure 4 for 80% DL/20% UL traffic with RTS/CTS, that a short LAA UL LBT Cat 2 CCA duration of 24 us would produce VoIP outage, whereas a CCA duration of 48 us or use of RTS/CTS would not produce any VoIP outage.
We note that these evaluation results were obtained under the deliberate assumption that no particular optimization is implemented on the LTE LAA side, i.e. we use a limited and only semi-statically configured TDD frame configuration #3 and there are no DL LBT Cat 4 freeze periods. In consequence, these results should be seen as pessimistic and serve as a lower bound onto achievable system performance for Wi-Fi when operating in presence of the LAA DL and UL.
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Figure 1: Wi-Fi/LAA DL+UL; FTP and VoIP; 50%DL/50%UL traffic; no RTS/CTS
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Figure 2: Wi-Fi/LAA DL+UL; FTP and VoIP; 80%DL/20%UL traffic; no RTS/CTS
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Figure 3: Wi-Fi/LAA DL+UL; FTP and VoIP; 50%DL/50%UL traffic; with RTS/CTS
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Figure 4: Wi-Fi/LAA DL+UL; FTP and VoIP; 80%DL/20%UL traffic; with RTS/CTS

Conclusion
In this contribution we present and discuss additional evaluation results for the Wi-Fi and UL+DL LAA coexistence case with mixed FTP and VoIP traffic for 50% DL/50% UL and 80% DL/20% UL traffic ratios in the Y=1 Indoor Scenario.
We use LBT Cat 4 for the LAA DL and LBT Cat 2 with CCA periods of either 24 or 48 us duration for the LAA UL. In addition, we showed performance for both UL CCA durations when operating in presence and absence of RTS/CTS.
From these evaluation results, it can be observed that when considering FTP traffic, Wi-Fi does better with LAA as a neighbor when using DL LBT Cat 4 and UL LBT Cat 2 as opposed to Wi-Fi as a neighbor across all load points. This holds true for both symmetric as well as asymmetric traffic cases and in absence or presence of RTS/CTS. A slight improvement in DL and UL Wi-Fi FTP throughput can be observed for the case where the LAA UL LBT Cat 2 uses the longer 48 us CCA duration when compared to the shorter 24 us CCA duration.
We also observe that in absence of RTS/CTS, the LAA UL LBT Cat 2 CCA duration can have an impact onto Wi-Fi VoIP UE outage with both symmetric and asymmetric traffic.
For 50% DL/50% UL traffic at high load the short LAA UL LBT Cat 2 CCA duration of 24 us yields slightly worse VoIP outage ratios even though better than in the Wi-Fi/Wi-Fi coexistence case than when compared to the case of an UL CCA duration of 48 us. Similar behavior is observed for 80% DL/20% UL traffic at medium and high load points where a CCA duration of 48 us would result in more favorable VoIP outage ratios than when using 24 us CCA. We also show that for 80% DL/20% UL traffic with RTS/CTS, a short LAA UL LBT Cat 2 CCA duration of 24 us would produce VoIP outage, whereas a CCA duration of 48 us or use of RTS/CTS would not produce any VoIP outage.
We note that these evaluation results were obtained under the deliberate assumption that no particular optimization is implemented on the LTE LAA side, i.e. we use a limited and only semi-statically configured TDD frame configuration #3 and there are no DL LBT Cat 4 freeze periods. In consequence, these results should be seen as pessimistic and serve as a lower bound onto achievable system performance for Wi-Fi when operating in presence of the LAA DL and UL.
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Appendix A – Wi-Fi and LAA UL+DL evaluation results

[bookmark: _Ref415100705]Table A.1: Wi-Fi/LAA UL+DL; Indoor Deployment; Y=1; Mixed traffic with 50% DL/50% UL;
DL LAA LBT: Cat 4, UL LAA LBT Cat 2: 24 µs CCA; Wi-Fi RTS/CTS disabled
	
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 in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)

	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)

	DL:
UPT CDF
[Mbps]
	5%
	23.376
	22.575
	26.552
	18.809
	5.367
	7.880
	12.122
	5.872
	1.287
	4.076
	8.291
	3.229

	
	50%
	81.023
	80.921
	92.397
	72.710
	34.382
	31.382
	53.544
	32.293
	13.350
	14.385
	31.071
	16.2326

	
	95%
	120.277
	120.440
	120.447
	108.043
	98.990
	106.385
	108.508
	99.302
	72.060
	70.073
	94.407
	62.552

	
	Mean
	78.692
	80.100
	84.409
	68.734
	41.298
	43.603
	59.259
	41.427
	22.149
	23.967
	42.645
	23.703

	DL:
Delay CDF
[s]
	5%
	0.035
	0.035
	0.035
	0.039
	0.046
	0.040
	0.040
	0.041
	0.071
	0.059
	0.044
	0.084

	
	50%
	0.055
	0.053
	0.047
	0.061
	0.168
	0.160
	0.095
	0.154
	0.4738
	0.469
	0.183
	0.788

	
	95%
	0.162
	0.157
	0.162
	0.223
	1.380
	0.545
	0.498
	0.969
	3.130
	2.541
	1.027
	2.812

	
	Mean
	0.074
	0.071
	0.068
	0.089
	0.363
	0.216
	0.149
	0.303
	0.928
	0.808
	0.304
	1.024

	UL:
UPT CDF
[Mbps]
	5%
	14.635
	10.408
	21.255
	5.246
	7.624
	5.653
	14.006
	2.463
	3.967
	3.181
	8.210
	0.661

	
	50%
	38.857
	41.870
	42.328
	14.094
	22.398
	26.484
	33.309
	   7.918
	14.071
	16.365
	24.116
	4.570

	
	95%
	59.256
	59.248
	59.254
	24.531
	56.403
	56.086
	57.862
	19.553
	47.047
	49.131
	51.650
	14.695

	
	Mean
	40.587
	41.343
	42.849
	14.909
	26.641
	28.978
	35.034
	9.302
	18.895
	20.577
	27.353
	5.895

	UL:
Delay CDF
[s]
	5%
	0.071
	0.071
	0.071
	0.165
	0.073
	0.076
	0.072
	0.170
	0.089
	0.086
	0.078
	0.186

	
	50%
	0.104
	0.098
	0.098
	0.290
	0.186
	0.168
	0.126
	0.697
	0.308
	0.281
	0.178
	1.455

	
	95%
	0.2251
	0.216
	0.180
	0.567
	0.552
	0.761
	0.332
	2.196
	1.198
	1.700
	0.618
	3.800

	
	Mean
	0.119
	0.128
	0.108
	0.329
	0.248
	0.262
	0.158
	0.943
	0.422
	0.516
	0.240
	1.673

	VoIP outage (DL)
	0.0
	-
	0.0
	-
	31.25
	-
	0.0
	-
	87.5
	-
	37.5
	-

	VoIP outage (UL)
	0.0
	-
	0.0
	-
	37.5
	-
	0.0
	-
	62.5
	-
	18.75
	-

	VoIP outage
	0.0
	-
	0.0
	-
	43.75
	-
	0.0
	-
	87.5
	-
	43.75
	-

	𝜌DL
	0.999
	0.999
	1.00
	1.00
	0.990
	0.990
	0.999
	0.994
	0.957
	0.957
	0.983
	0.952

	𝜌UL
	0.995
	0.987
	1.00
	0.982
	0.989
	0.989
	0.997
	0.952
	0.981
	0.983
	0.986
	0.869

	BO
	14.98
	13.00
	14.05
	19.512
	39.01
	37.00
	27.758
	53.14
	65.37
	59.08
	44.50
	75.252

	𝜆
	
	0.15
	
	0.225
	
	0.275

	Additional comments:
UEs scheduled for the LAA UL contend for the channel using LBT Cat 2 with a FFP of 10ms. LTE uses TDD UL/DL configuration #3 [DSUUUDDDDD]. UL CCA lasts 24 us and is performed prior to start of SF2. Only one CCA per FFP is done per UE. Scheduled UEs can transmit a single burst of up to 3 SFs. No dynamic reassignment of unused UL SFs is done. The DL uses DL LBT Cat 4 (UE NACK based with defer period) with details described in R1-152932. LAA uses a sensing threshold of -82 dBm. LAA slot size is the same as used for Wi-Fi: 8 us. RTS/CTS is disabled for WiFi.



Table A.2: Wi-Fi/LAA UL+DL; Indoor Deployment; Y=1; Mixed traffic with 50% DL/50% UL;
DL LAA LBT: Cat 4, UL LAA LBT Cat 2: 48 µs CCA; Wi-Fi RTS/CTS disabled
	
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 in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)

	DL:
UPT CDF
[Mbps]
	5%
	23.376
	22.575
	27.794
	19.865
	5.367
	7.880
	10.435
	5.979
	1.287
	4.076
	9.051
	3.958

	
	50%
	81.023
	80.921
	91.826
	76.733
	34.382
	31.382
	53.376
	31.464
	13.350
	14.385
	31.466
	19.495

	
	95%
	120.277
	120.440
	120.388
	107.356
	98.990
	106.385
	115.498
	93.521
	72.060
	70.073
	96.862
	64.135

	
	Mean
	78.692
	80.100
	84.919
	71.453
	41.298
	43.603
	59.062
	40.207
	22.149
	23.967
	44.661
	25.383

	DL:
Delay CDF
[s]
	5%
	0.035
	0.035
	0.035
	0.039
	0.046
	0.040
	0.037
	0.043
	0.071
	0.059
	0.042
	0.102

	
	50%
	0.055
	0.053
	0.048
	0.058
	0.168
	0.160
	0.098
	0.173
	0.4738
	0.469
	0.187
	0.789

	
	95%
	0.162
	0.157
	0.130
	0.184
	1.380
	0.545
	0.717
	0.991
	3.130
	2.541
	0.954
	2.685

	
	Mean
	0.074
	0.071
	0.065
	0.082
	0.363
	0.216
	0.178
	0.323
	0.928
	0.808
	0.290
	1.039

	UL:
UPT CDF
[Mbps]
	5%
	14.635
	10.408
	21.602
	5.125
	7.624
	5.653
	12.700
	2.554
	3.967
	3.181
	9.498
	1.259

	
	50%
	38.857
	41.870
	43.026
	14.330
	22.398
	26.484
	32.467
	   7.923
	14.071
	16.365
	24.490
	4.991

	
	95%
	59.256
	59.248
	59.276
	24.515
	56.403
	56.086
	57.530
	19.312
	47.047
	49.131
	51.836
	14.970

	
	Mean
	40.587
	41.343
	43.425
	14.932
	26.641
	28.978
	34.533
	9.060
	18.895
	20.577
	27.654
	6.121

	UL:
Delay CDF
[s]
	5%
	0.071
	0.071
	0.071
	0.165
	0.073
	0.076
	0.072
	0.170
	0.089
	0.086
	0.077
	0.185

	
	50%
	0.104
	0.098
	0.096
	0.292
	0.186
	0.168
	0.129
	0.808
	0.308
	0.281
	0.176
	1.373

	
	95%
	0.2251
	0.216
	0.171
	0.580
	0.552
	0.761
	0.364
	2.374
	1.198
	1.700
	0.621
	3.638

	
	Mean
	0.119
	0.128
	0.106
	0.331
	0.248
	0.262
	0.173
	1.038
	0.422
	0.516
	0.235
	1.669

	VoIP outage (DL)
	0.0
	-
	-
	-
	31.25
	 -
	0.0
	-
	87.5
	-
	25.0
	-

	VoIP outage (UL)
	0.0
	-
	-
	-
	37.5
	-
	0.0
	-
	62.5
	-
	18.75
	-

	VoIP outage
	0.0
	-
	-
	-
	43.75
	-
	0.0
	-
	87.5
	-
	31.25
	-

	𝜌DL
	0.999
	0.999
	1.00
	1.00
	0.990
	0.990
	0.996
	0.992
	0.957
	0.957
	0.987
	0.949

	𝜌UL
	0.995
	0.987
	1.00
	0.978
	0.989
	0.989
	0.996
	0.940
	0.981
	0.983
	0.988
	0.887

	BO
	14.98
	13.00
	13.82
	19.08
	39.01
	37.00
	29.16
	53.51
	65.37
	59.08
	43.72
	73.748

	𝜆
	
	0.15
	
	0.225
	
	0.275

	Additional comments:
UEs scheduled for the LAA UL contend for the channel using LBT Cat 2 with a FFP of 10ms. LTE uses TDD UL/DL configuration #3 [DSUUUDDDDD]. UL CCA lasts 48 us and is performed prior to start of SF2. Only one CCA per FFP is done per UE. Scheduled UEs can transmit a single burst of up to 3 SFs. No dynamic reassignment of unused UL SFs is done. The DL uses DL LBT Cat 4 (UE NACK based with defer period) with details described in R1-152932. LAA uses a sensing threshold of -82 dBm. LAA slot size is the same as used for Wi-Fi: 8 us. RTS/CTS is disabled for WiFi.



Table A.3: Wi-Fi/LAA UL+DL; Indoor Deployment; Y=1; Mixed traffic with 80% DL/20% UL;
DL LAA LBT: Cat 4, UL LAA LBT Cat 2: 24 µs CCA; Wi-Fi RTS/CTS disabled
	
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 in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)

	DL:
UPT CDF
[Mbps]
	5%
	20.287
	23.150
	18.373
	15.407
	11.704
	15.528
	12.087
	6.109
	4.640
	5.098
	5.551
	1.050

	
	50%
	   84.201
	82.900
	83.292
	57.618
	47.001
	48.454
	44.257
	30.534
	25.322
	25.778
	25.480
	9.459

	
	95%
	120.468
	120.405
	119.455
	105.998
	108.208
	107.466
	100.020
	71.775
	87.261
	96.131
	94.267
	70.875

	
	Mean
	77.942
	78.221
	77.341
	59.689
	54.394
	55.537
	50.869
	34.189
	36.083
	36.124
	36.026
	18.923

	DL:
Delay CDF
[s]
	5%
	0.035
	0.035
	0.035
	0.39
	0.040
	0.040
	0.044
	0.082
	0.048
	0.054
	0.045
	0.088

	
	50%
	0.054
	0.052
	0.057
	0.082
	0.1334
	0.127
	0.147
	0.450
	0.358
	0.253
	0.231
	0.893

	
	95%
	0.191
	0.175
	0.243
	0.365
	0.744
	0.665
	0.674
	1.845
	2.497
	1.814
	1.066
	3.775

	
	Mean
	0.077
	0.072
	0.090
	0.129
	0.2189
	0.192
	0.217
	0.675
	0.737
	0.450
	0.363
	1.306

	UL:
UPT CDF
[Mbps]
	5%
	19.039
	16.245
	22.265
	8.064
	11.194
	7.162
	10.586
	2.840
	5.744
	6.056
	6.136
	0.148

	
	50%
	37.143
	46.172
	39.073
	13.969
	23.380
	30.000
	27.112
	5.724
	17.315
	21.964
	20.025
	2.968

	
	95%
	58.516
	59.301
	57.179
	25.823
	52.730
	50.241
	46.449
	12.615
	47.671
	46.548
	44.666
	9.687

	
	Mean
	39.763
	43.116
	40.956
	16.162
	29.1171
	30.379
	29.034
	7.053
	22.013
	24.081
	23.352
	3.846

	UL:
Delay CDF
[s]
	5%
	0.071
	0.071
	0.072
	0.165
	0.072
	0.079
	0.088
	0.185
	0.073
	0.087
	0.098
	0.334

	
	50%
	0.113
	0.091
	0.106
	0.284
	0.179
	0.158
	0.168
	1.372
	0.251
	0.249
	0.217
	1.788

	
	95%
	0.191
	0.349
	0.158
	0.638
	0.311
	0.594
	0.384
	3.338
	0.672
	1.250
	0.558
	4.269

	
	Mean
	0.125
	0.131
	0.1187
	0.332
	0.197
	0.238
	0.204
	1.665
	0.309
	0.433
	0.266
	2.243

	VoIP outage (DL)
	0.0
	-
	0.0
	-
	12.5
	-
	12.5
	-
	12.5
	-
	25.0
	-

	VoIP outage (UL)
	0.0
	-
	0.0
	-
	6.25
	-
	12.5
	-
	37.5
	-
	25.0
	-

	VoIP outage
	0.0
	-
	0.0
	-
	18.75
	-
	18.75
	-
	37.5
	-
	31.25
	-

	𝜌DL
	1.00
	1.0
	1.00
	1.00
	0.994
	0.994
	0.994
	0.967
	0.975
	0.975
	0.984
	0.922

	𝜌UL
	      1.00
	1.0
	1.00
	1.00
	1.00
	0.979
	1.00
	0.845
	0.993
	0.976
	0.990
	0.710

	BO
	14.30
	12.25
	16.51
	18.34
	37.00
	35.73
	35.9
	50.93
	58.08
	55.00
	51.88
	69.20

	𝜆
	
	DL/UL - 0.24/0.06
	
	DL/UL - 0.36/0.09
	
	DL/UL- 0.44/0.11

	Additional comments:
UEs scheduled for the LAA UL contend for the channel using LBT Cat 2 with a FFP of 10ms. LTE uses TDD UL/DL configuration #3 [DSUUUDDDDD]. UL CCA lasts 24 us and is performed prior to start of SF2. Only one CCA per FFP is done per UE. Scheduled UEs can transmit a single burst of up to 3 SFs. No dynamic reassignment of unused UL SFs is done. The DL uses DL LBT Cat 4 (UE NACK based with defer period) with details described in R1-152932. LAA uses a sensing threshold of -82 dBm. LAA slot size is the same as used for Wi-Fi: 8 us. RTS/CTS is disabled for WiFi.



Table A.4: Wi-Fi/LAA UL+DL; Indoor Deployment; Y=1; Mixed traffic with 80% DL/20% UL;
DL LAA LBT: Cat 4, UL LAA LBT Cat 2: 48 µs CCA; Wi-Fi RTS/CTS disabled
	
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 in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)

	DL:
UPT CDF
[Mbps]
	5%
	20.287
	23.150
	18.523
	15.595
	11.704
	15.528
	12.791
	7.682
	4.640
	5.098
	5.745
	1.289

	
	50%
	   84.201
	82.900
	84.969
	58.915
	47.001
	48.454
	48.744
	33.823
	25.322
	25.778
	25.574
	9.550

	
	95%
	120.468
	120.405
	120.388
	105.448
	108.208
	107.466
	100.299
	76.838
	87.261
	96.131
	92.761
	68.332

	
	Mean
	77.942
	78.221
	77.760
	60.189
	54.394
	55.537
	54.809
	37.639
	36.083
	36.124
	36.587
	19.134

	DL:
Delay CDF
[s]
	5%
	0.035
	0.035
	0.035
	0.39
	0.040
	0.040
	0.044
	0.083
	0.048
	0.054
	0.049
	0.262

	
	50%
	0.054
	0.052
	0.054
	0.077
	0.1334
	0.127
	0.117
	0.474
	0.358
	0.253
	0.207
	0.984

	
	95%
	0.191
	0.175
	0.242
	0.379
	0.744
	0.665
	0.484
	1.991
	2.497
	1.814
	1.241
	3.415

	
	Mean
	0.077
	0.072
	0.089
	0.133
	0.2189
	0.192
	0.173
	0.692
	0.737
	0.450
	0.381
	1.313

	UL:
UPT CDF
[Mbps]
	5%
	19.039
	16.245
	21.885
	8.015
	11.194
	7.162
	11.542
	2.942
	5.744
	6.056
	5.111
	0.381

	
	50%
	37.143
	46.172
	37.716
	13.949
	23.380
	30.000
	29.066
	6.132
	17.315
	21.964
	20.659
	3.483

	
	95%
	58.516
	59.301
	57.652
	25.863
	52.730
	50.241
	47.314
	15.071
	47.671
	46.548
	48.686
	10.541

	
	Mean
	39.763
	43.116
	40.771
	16.073
	29.1171
	30.379
	30.356
	7.792
	22.013
	24.081
	24.347
	4.318

	UL:
Delay CDF
[s]
	5%
	0.071
	0.071
	0.072
	0.165
	0.072
	0.079
	0.093
	0.181
	0.073
	0.087
	0.087
	0.321

	
	50%
	0.113
	0.091
	0.106
	0.285
	0.179
	0.158
	0.153
	1.186
	0.251
	0.249
	0.213
	1.815

	
	95%
	0.191
	0.349
	0.152
	0.654
	0.311
	0.594
	0.390
	2.639
	0.672
	1.250
	0.486
	4.472

	
	Mean
	0.125
	0.131
	0.118
	0.339
	0.197
	0.238
	0.192
	1.457
	0.309
	0.433
	0.262
	2.255

	VoIP outage (DL)
	0.0
	-
	0.0
	-
	12.5
	-
	6.25
	-
	12.5
	-
	12.5
	-

	VoIP outage (UL)
	0.0
	-
	0.0
	-
	6.25
	-
	12.5 
	-
	37.5
	-
	12.5
	-

	VoIP outage
	0.0
	-
	0.0
	-
	18.75
	-
	12.5 
	-
	37.5
	-
	12.5
	-

	𝜌DL
	1.00
	1.0
	1.00
	1.00
	0.994
	0.994
	1.00
	0.974
	0.975
	0.975
	0.981
	0.912

	𝜌UL
	    0.99
	1.0
	1.00
	1.00
	1.00
	0.979
	1.00
	0.872
	0.993
	0.976
	0.988
	0.687

	BO
	14.30
	12.25
	16.25
	18.15
	37.00
	35.73
	32.6
	47.29
	58.08
	55.00
	50.15
	68.76

	𝜆
	
	DL/UL - 0.24/0.06
	
	DL/UL - 0.36/0.09
	
	DL/UL- 0.44/0.11

	Additional comments:
UEs scheduled for the LAA UL contend for the channel using LBT Cat 2 with a FFP of 10ms. LTE uses TDD UL/DL configuration #3 [DSUUUDDDDD]. UL CCA lasts 48 us and is performed prior to start of SF2. Only one CCA per FFP is done per UE. Scheduled UEs can transmit a single burst of up to 3 SFs. No dynamic reassignment of unused UL SFs is done. The DL uses DL LBT Cat 4 (UE NACK based with defer period) with details described in R1-152932. LAA uses a sensing threshold of -82 dBm. LAA slot size is the same as used for Wi-Fi: 8 us. RTS/CTS is disabled for WiFi.



Table A.5: Wi-Fi/LAA UL+DL; Indoor Deployment; Y=1; Mixed traffic with 50% DL/50% UL;
DL LAA LBT: Cat 4, UL LAA LBT Cat 2: 24 µs CCA; Wi-Fi RTS/CTS enabled
	
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 in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)

	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)

	DL:
UPT CDF
[Mbps]
	5%
	24.951
	22.736
	26.784
	17.745
	6.124
	7.364
	10.127
	5.183
	1.361
	3.004
	9.978
	2.489

	
	50%
	64.942
	76.269
	92.614
	72.451
	27.827
	27.018
	44.952
	26.546
	8.601
	11.480
	29.121
	11.242

	
	95%
	118.789
	120.471
	120.374
	108.103
	101.673
	102.197
	104.250
	86.695
	44.652
	60.759
	81.376
	48.508

	
	Mean
	73.189
	77.246
	84.750
	70.105
	35.769
	40.427
	53.527
	35.690
	13.740
	16.928
	38.832
	17.505

	DL:
Delay CDF
[s]
	5%
	0.035
	0.035
	0.035
	0.039
	0.044
	0.040
	0.042
	0.053
	0.157
	0.153
	0.064
	0.121

	
	50%
	0.067
	0.057
	0.046
	0.060
	0.176
	0.153
	   0.112
	0.220
	0.800
	0.596
	0.185
	1.170

	
	95%
	0.152
	0.163
	0.135
	0.210
	0.989
	0.486
	0.456
	1.109
	3.196
	2.071
	0.823
	3.224

	
	Mean
	0.076
	0.072
	0.065
	0.085
	0.318
	0.202
	0.156
	0.371
	1.190
	0.895
	0.280
	1.332

	UL:
UPT CDF
[Mbps]
	5%
	15.408
	7.061
	22.400
	4.758
	5.500
	4.881
	11.146
	2.154
	2.873
	2.333
	7.895
	   0.534

	
	50%
	36.449
	34.943
	41.768
	13.448
	14.964
	15.446
	28.687
	   6.987
	6.953
	7.131
	19.653
	   3.790

	
	95%
	58.521
	58.611
	59.262
	23.571
	44.331
	56.729
	53.496
	16.531
	21.731
	21.798
	40.533
	12.921

	
	Mean
	38.193
	38.261
	42.714
	14.132
	19.983
	22.346
	30.693
	8.215
	9.111
	9.245
	21.891
	5.139

	UL:
Delay CDF
[s]
	5%
	0.072
	0.071
	0.071
	0.165
	0.084
	0.073
	0.077
	0.176
	0.206
	0.1416
	0.113
	0.193

	
	50%
	0.110
	0.106
	0.098
	0.300
	0.263
	0.261
	0.145
	0.948
	0.637
	0.643
	0.232
	1.526

	
	95%
	0.236
	0.229
	0.172
	0.584
	0.652
	0.838
	0.353
	2.679
	1.442
	1.668
	0.677
	3.922

	
	Mean
	0.127
	0.142
	0.107
	0.340
	0.316
	0.322
	0.178
	1.177
	0.737
	0.771
	0.288
	1.728

	VoIP outage (DL)
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-

	VoIP outage (UL)
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	6.25
	-
	0.0
	-

	VoIP outage
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	6.25
	-
	0.0
	-

	𝜌DL
	1.00
	1.00
	1.0
	1.00
	0.998
	0.998
	1.00
	0.986
	0.938
	0.938
	0.993
	0.911

	𝜌UL
	0.996
	0.975
	1.0
	0.978
	0.975
	0.975
	0.989
	0.933
	0.949
	0.961
	0.984
	0.886

	BO
	15.87
	13.80
	13.98
	19.73
	43.32
	40.66
	30.14
	57.35
	75.75
	73.38
	47.86
	78.30

	𝜆
	
	0.15
	
	0.225
	
	0.275

	Additional comments:
UEs scheduled for the LAA UL contend for the channel using LBT Cat 2 with a FFP of 10ms. LTE uses TDD UL/DL configuration #3 [DSUUUDDDDD]. UL CCA lasts 24 us and is performed prior to start of SF2. Only one CCA per FFP is done per UE. Scheduled UEs can transmit a single burst of up to 3 SFs. No dynamic reassignment of unused UL SFs is done. The DL uses DL LBT Cat 4 (UE NACK based with defer period) with details described in R1-152932. LAA uses a sensing threshold of -82 dBm. LAA slot size is the same as used for Wi-Fi: 8 us. RTS/CTS is enabled for WiFi.



Table A.6: Wi-Fi/LAA UL+DL; Indoor Deployment; Y=1; Mixed traffic with 50% DL/50% UL;
DL LAA LBT: Cat 4, UL LAA LBT Cat 2: 48 µs CCA; Wi-Fi RTS/CTS enabled
	
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 in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)

	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)

	DL:
UPT CDF
[Mbps]
	5%
	24.951
	22.736
	28.583
	18.480
	6.124
	7.364
	11.025
	5.095
	1.361
	3.004
	8.836
	2.378

	
	50%
	64.942
	76.269
	93.488
	71.112
	27.827
	27.018
	50.569
	25.628
	8.601
	11.480
	29.856
	13.239

	
	95%
	118.789
	120.471
	120.391
	109.716
	101.673
	102.197
	110.795
	93.464
	44.652
	60.759
	80.903
	52.256

	
	Mean
	73.189
	77.246
	85.891
	69.210
	35.769
	40.427
	57.880
	38.204
	13.740
	16.928
	39.584
	18.832

	DL:
Delay CDF
[s]
	5%
	0.035
	0.035
	0.035
	0.038
	0.044
	0.040
	0.040
	0.043
	0.157
	0.153
	0.067
	0.140

	
	50%
	0.067
	0.057
	0.046
	0.062
	0.176
	0.153
	0.095
	0.201
	0.800
	0.596
	0.183
	1.194

	
	95%
	0.152
	0.163
	0.127
	0.194
	0.989
	0.486
	0.498
	1.064
	3.196
	2.071
	0.809
	3.356

	
	Mean
	0.076
	0.072
	   0.063
	0.084
	0.318
	0.202
	0.153
	0.337
	1.190
	0.895
	0.271
	1.376

	UL:
UPT CDF
[Mbps]
	5%
	15.408
	7.061
	22.672
	5.242
	5.500
	4.881
	11.961
	2.354
	2.873
	2.333
	8.321
	0.889

	
	50%
	36.449
	34.943
	41.976
	13.397
	14.964
	15.446
	29.425
	   6.681
	6.953
	7.131
	21.105
	3.936

	
	95%
	58.521
	58.611
	59.254
	24.241
	44.331
	56.729
	56.411
	16.748
	21.731
	21.798
	42.360
	13.309

	
	Mean
	38.193
	38.261
	43.160
	14.239
	19.983
	22.346
	31.895
	8.459
	9.111
	9.245
	22.729
	5.276

	UL:
Delay CDF
[s]
	5%
	0.072
	0.071
	0.071
	0.165
	0.084
	0.073
	0.073
	0.175
	0.206
	0.1416
	0.113
	0.189

	
	50%
	0.110
	0.106
	0.096
	0.307
	0.263
	0.261
	0.137
	0.818
	0.637
	0.643
	0.216
	1.403

	
	95%
	0.236
	0.229
	0.160
	0.584
	0.652
	0.838
	0.333
	2.424
	1.442
	1.668
	0.685
	3.669

	
	Mean
	0.127
	0.142
	0.106
	0.341
	0.316
	0.322
	0.170
	1.074
	0.737
	0.771
	0.275
	1.683

	VoIP outage (DL)
	0.0
	-
	0.0
	-
	0.0
	-
	0.0 
	-
	0.0
	-
	0.0
	-

	VoIP outage (UL)
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	6.25
	-
	0.0
	-

	VoIP outage
	0.0
	-
	0.0
	-
	0.0
	-
	0.0 
	-
	6.25
	-
	0.0
	-

	𝜌DL
	1.00
	1.00
	1.00
	1.00
	0.998
	0.998
	0.999
	0.988
	0.938
	0.938
	0.994
	0.918

	𝜌UL
	0.996
	0.975
	1.00
	0.980
	0.975
	0.975
	0.994
	0.939
	0.949
	0.961
	0.984
	0.889

	BO
	15.87
	13.80
	13.79
	19.67
	43.32
	40.66
	28.91
	56.13
	75.75
	73.38
	46.60
	77.85

	𝜆
	
	0.15
	
	0.225
	
	0.275

	Additional comments:
UEs scheduled for the LAA UL contend for the channel using LBT Cat 2 with a FFP of 10ms. LTE uses TDD UL/DL configuration #3 [DSUUUDDDDD]. UL CCA lasts 48 us and is performed prior to start of SF2. Only one CCA per FFP is done per UE. Scheduled UEs can transmit a single burst of up to 3 SFs. No dynamic reassignment of unused UL SFs is done. The DL uses DL LBT Cat 4 (UE NACK based with defer period) with details described in R1-152932. LAA uses a sensing threshold of -82 dBm. LAA slot size is the same as used for Wi-Fi: 8 us. RTS/CTS is enabled for WiFi.



Table A.7: Wi-Fi/LAA UL+DL; Indoor Deployment; Y=1; Mixed traffic with 80% DL/20% UL;
DL LAA LBT: Cat 4, UL LAA LBT Cat 2: 24 µs CCA; Wi-Fi RTS/CTS enabled
	
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 in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)

	DL:
UPT CDF
[Mbps]
	5%
	22.167
	26.125
	16.844
	16.458
	9.266
	13.352
	7.725
	0.832
	4.122
	5.241
	6.205
	0.329

	
	50%
	   78.894
	84.442
	80.767
	56.879
	34.622
	34.101
	28.060
	6.962
	13.761
	15.467
	18.587
	3.734

	
	95%
	120.388
	120.377
	120.202
	104.362
	105.518
	111.087
	85.785
	59.868
	69.121
	72.093
	65.564
	55.886

	
	Mean
	75.759
	78.234
	74.895
	58.673
	44.909
	44.903
	36.514
	15.458
	21.593
	22.331
	25.400
	10.597

	DL:
Delay CDF
[s]
	5%
	0.035
	0.035
	0.035
	0.039
	0.040
	0.037
	0.058
	0.125
	0.127
	0.102
	0.070
	0.202

	
	50%
	0.055
	0.052
	0.060
	0.084
	0.144
	0.131
	0.193
	1.114
	0.537
	0.338
	0.292
	1.911

	
	95%
	0.170
	0.149
	0.295
	0.362
	0.622
	0.324
	1.002
	3.794
	2.098
	1.294
	1.126
	4.975

	
	Mean
	0.077
	0.069
	   0.100
	0.131
	0.212
	0.1482
	0.317
	1.446
	0.710
	0.465
	0.397
	2.192

	UL:
UPT CDF
[Mbps]
	5%
	18.664
	11.564
	22.624
	8.309
	8.425
	5.969
	10.114
	0.187
	3.753
	4.503
	7.477
	0.354

	
	50%
	34.807
	43.923
	37.945
	12.945
	19.331
	27.057
	21.216
	3.527
	10.776
	15.764
	17.653
	1.804

	
	95%
	58.508
	59.309
	56.091
	24.061
	52.919
	49.841
	43.546
	11.304
	28.740
	23.075
	35.757
	6.766

	
	Mean
	38.616
	40.782
	40.296
	15.500
	23.792
	28.256
	24.711
	4.8131
	13.160
	14.987
	20.604
	2.672

	UL:
Delay CDF
[s]
	5%
	0.071
	0.071
	0.072
	0.165
	0.071
	0.072
	0.104
	0.204
	0.161
	0.139
	0.117
	0.373

	
	50%
	0.120
	0.098
	0.110
	0.312
	0.212
	0.172
	0.203
	1.449
	0.375
	0.340
	0.227
	2.050

	
	95%
	0.192
	0.437
	0.173
	0.636
	0.403
	0.546
	0.425
	3.724
	0.773
	0.841
	0.465
	4.978

	
	Mean
	0.127
	0.153
	0.117
	0.341
	0.230
	0.226
	0.227
	1.788
	0.428
	0.423
	0.256
	2.382

	VoIP outage (DL)
	0.0
	-
	0.0
	-
	0.0
	-
	6.25
	-
	0.0
	-
	6.25
	-

	VoIP outage (UL)
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-

	VoIP outage
	0.0
	-
	0.0
	-
	0.0
	-
	6.25
	-
	0.0
	-
	6.25
	-

	𝜌DL
	1.00
	1.0
	1.0
	1.0
	0.994
	0.994
	0.985
	0.896
	0.973
	0.973
	0.980
	0.849

	𝜌UL
	      1.00
	1.0
	1.0
	1.0
	0.996
	0.971
	0.999
	0.770
	0.963
	0.970
	0.988
	0.739

	BO
	14.14
	12.15
	16.56
	18.20
	39.18
	37.61
	45.12
	70.23
	67.85
	64.45
	56.35
	85.78

	𝜆
	
	DL/UL - 0.24/0.06
	
	DL/UL - 0.44/0.11
	
	DL/UL- 0.52/0.13

	Additional comments:
UEs scheduled for the LAA UL contend for the channel using LBT Cat 2 with a FFP of 10ms. LTE uses TDD UL/DL configuration #3 [DSUUUDDDDD]. UL CCA lasts 24 us and is performed prior to start of SF2. Only one CCA per FFP is done per UE. Scheduled UEs can transmit a single burst of up to 3 SFs. No dynamic reassignment of unused UL SFs is done. The DL uses DL LBT Cat 4 (UE NACK based with defer period) with details described in R1-152932. LAA uses a sensing threshold of -82 dBm. LAA slot size is the same as used for Wi-Fi: 8 us. RTS/CTS is enabled for WiFi.



Table A.8: Wi-Fi/LAA UL+DL; Indoor Deployment; Y=1; Mixed traffic with 80% DL/20% UL;
DL LAA LBT: Cat 4, UL LAA LBT Cat 2: 48 µs CCA; Wi-Fi RTS/CTS enabled
	
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 in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)
	Wi-Fi in
step 1
(Op. A)
	Wi-Fi in
step 1
(Op. B)
	Wi-Fi in
step 2
(Op. A)
	LAA in
step 2
(Op. B)

	DL:
UPT CDF
[Mbps]
	5%
	22.167
	26.125
	18.400
	17.146
	9.266
	13.352
	8.074
	0.858
	4.122
	5.241
	5.582
	0.362

	
	50%
	   78.894
	84.442
	83.557
	56.540
	34.622
	34.101
	28.822
	7.357
	13.761
	15.467
	19.064
	3.262

	
	95%
	120.388
	120.377
	120.360
	103.231
	105.518
	111.087
	84.856
	57.965
	69.121
	72.093
	64.511
	56.330

	
	Mean
	75.759
	78.234
	76.940
	58.486
	44.909
	44.903
	37.148
	15.570
	21.593
	22.331
	25.694
	10.403

	DL:
Delay CDF
[s]
	5%
	0.035
	0.035
	0.035
	0.039
	0.040
	0.037
	0.058
	0.110
	0.127
	0.102
	0.070
	0.147

	
	50%
	0.055
	0.052
	0.055
	0.082
	0.144
	0.131
	0.186
	1.122
	0.537
	0.338
	0.262
	1.953

	
	95%
	0.170
	0.149
	0.204
	0.257
	0.622
	0.324
	0.945
	3.715
	2.098
	1.294
	0.965
	5.192

	
	Mean
	0.077
	0.069
	0.082
	0.113
	0.212
	0.1482
	0.289
	1.380
	0.710
	0.465
	0.363
	2.283

	UL:
UPT CDF
[Mbps]
	5%
	18.664
	11.564
	21.449
	8.046
	8.425
	5.969
	10.933
	0.539
	3.753
	4.503
	8.191
	0.241

	
	50%
	34.807
	43.923
	38.307
	13.395
	19.331
	27.057
	21.581
	4.663
	10.776
	15.764
	18.343
	1.570

	
	95%
	58.508
	59.309
	57.147
	25.723
	52.919
	49.841
	42.810
	11.561
	28.740
	23.075
	39.229
	6.059

	
	Mean
	38.616
	40.782
	40.884
	16.025
	23.792
	28.256
	24.925
	5.432
	13.160
	14.987
	20.954
	2.449

	UL:
Delay CDF
[s]
	5%
	0.071
	0.071
	0.071
	0.165
	0.071
	0.072
	0.103
	0.200
	0.161
	0.139
	0.117
	0.406

	
	50%
	0.120
	0.098
	0.108
	0.285
	0.212
	0.172
	0.198
	1.380
	0.375
	0.340
	0.220
	2.161

	
	95%
	0.192
	0.437
	0.167
	0.601
	0.403
	0.546
	0.393
	3.716
	0.773
	0.841
	0.467
	5.049

	
	Mean
	0.127
	0.153
	0.117
	0.319
	0.230
	0.226
	0.217
	1.795
	0.428
	0.423
	0.249
	2.508

	VoIP outage (DL)
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	0.0 
	-

	VoIP outage (UL)
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-

	VoIP outage
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	0.0
	-
	0.0 
	-

	𝜌DL
	1.00
	1.0
	1.00
	1.00
	0.994
	0.994
	0.985
	0.897
	0.973
	0.973
	0.983
	0.842

	𝜌UL
	      1.00
	1.0
	1.00
	1.00
	0.996
	0.971
	0.997
	0.774
	0.963
	0.970
	0.992
	0.737

	BO
	14.14
	12.15
	15.81
	17.70
	39.18
	37.61
	44.24
	70.10
	67.85
	64.45
	55.7
	86.08

	𝜆
	
	DL/UL - 0.24/0.06
	
	DL/UL - 0.44/0.11
	
	DL/UL- 0.52/0.13

	Additional comments:
UEs scheduled for the LAA UL contend for the channel using LBT Cat 2 with a FFP of 10ms. LTE uses TDD UL/DL configuration #3 [DSUUUDDDDD]. UL CCA lasts 48 us and is performed prior to start of SF2. Only one CCA per FFP is done per UE. Scheduled UEs can transmit a single burst of up to 3 SFs. No dynamic reassignment of unused UL SFs is done. The DL uses DL LBT Cat 4 (UE NACK based with defer period) with details described in R1-152932. LAA uses a sensing threshold of -82 dBm. LAA slot size is the same as used for Wi-Fi: 8 us. RTS/CTS is enabled for WiFi.



Appendix B – Evaluation methodology and assumptions
For UL transmissions, all LAA UEs are subject to dynamic scheduling by the eNB. The LAA SCell is configured to use TDD UL/DL configuration #3 [DSUUUDDDDD]. Only LAA UEs which were scheduled for the UL by the eNB will contend for the channel. A nominal FFP of 10 ms is configured. CCA with either 24 us or 48 us duration is performed prior to the start of SF #2 by any UE that was scheduled in the UL. Only one CCA attempt per UE is executed per FFP. Any scheduled UE can transmit a single burst of up to 3 SFs total duration, subject however to per-subframe eNB scheduling. 
LAA DL and UL operation for evaluation purposes is illustrated Figure B.1. It is one consequence of the LBT Cat 2 channel access scheme assumed for the LAA UL that CCA will be done more or less synchronously by all scheduled LAA UEs during the same 24 or 48 us silence interval. Not all LAA UEs may use all of the up to 3 available UL subframes for their transmissions. This is shown in the first radio frame of the example in Figure B.1. Under typical conditions and when operating in presence of Wi-Fi neighbor BSSs, most LAA UEs will declare CCA to be busy simultaneously in case there is ongoing Wi-Fi activity on the channel. This is shown in the second radio frame of the example in Figure 1.
Furthermore, no particular optimization is used to increase the spectral efficiency for LAA UL and DL transmissions. A maximum of 3 consecutive UL subframes is semi-statically configured and available for UL traffic per 10 ms fixed frame period. No short-term adaptation to adjust for time-varying DL and UL offered load is performed by the LAA eNB. In addition, eNB scheduling of DL TXOP takes priority over an upcoming UL transmission period. For example, if the eNB wins channel access to serve DL traffic in subframe #1, it will schedule subframes #2-#5 as DL in order to maximize the use of the DL TXOP under the condition that enough DL traffic can be served. In such a case, the eNB will simply not issue any UL grants for the candidate UL subframes #3-#5 and the next UL transmission may take place only one radio frame later.
DTX for the LAA DL is modeled as a maximum allowed time duration to schedule a number of consecutive DL subframes by the LAA eNB. We use maximum TXOP durations of 4 ms. The duration of the busy signal when transmitted by the eNB prior to regular DL scheduling does not impact the allowed the maximum number of schedulable DL subframes. Therefore, the LTE LAA DL will transmit up to 4 consecutive DL subframes once it obtains channel access using LBT Cat 4. When a DL busy signal is transmitted by the LAA eNB, it is accounted for as overhead until the beginning of the next regularly occurring SCell subframe boundary. DTX for the LAA UL is modeled implicitly in that no UE transmission can exceed a total of 3 consecutive UL subframes as by TDD UL/DL configuration #3.

[image: ]
Figure B.1: LTE LAA UL operation with LBT Cat 2

	Parameter
	Value for additional Wi-Fi system evaluation assumptions

	MCS
	802.11ac MCS table without 256 QAM

	Antenna configuration
	2Tx2Rx in DL, cross-polarized, open loop
1Tx2Rx in UL

	Channel coding
	BCC

	Frame aggregation
	A-MPDU

	MPDU size
	Fixed 1ms (A)-MPDU transmission duration

	Max PPDU duration
	4 ms

	MAC
	Coordination
	EDCA AC4

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	CCA-CS

	
	RTS/CTS
	Results both with and without RTS/CTS

	
	Contention window
	Min: 15 slot, Max: 1023 slot

	CCA-CS
	-82dBm

	CCA-ED 
	-62dBm

	ACK Modeled (successful reception, resources utilized)
	Yes

	DL/UL Duplexing
	DL only

	Rate control
	Minstrel algorithm with 100 ms reconfiguration period

	Channel selection
	Minimum neighbour

	OFDM symbol length
	4 us



	Parameter
	Value for LAA Indoor Deployment

	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.
 
 
 
 
 
 
 
 


	System bandwidth per carrier
	20 MHz

	Carrier frequency
	5.0 GHz

	Number of carriers
	1 (to be shared between two operators)

	Total BS TX power
	18 dBm

	Total UE TX power 
	18 dBm

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU InH [Table B.1.2.1-1 in TR36.814]
UE-to-UE: 3GPP TR 36.843 (D2D).
(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for LOS probability.)

	Penetration
	0dB

	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]
Working assumption is that 3D distance is used for shadowing correlation distance

	Antenna pattern
	2D Omni-directional

	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 clusters/buildings per macro cell geographical area
	N/A

	Number of small cells per cluster
	N/A

	Number of small cells per Macro cell
	N/A

	Number of UEs 
	20 UEs per unlicensed band carrier per operator (DL+UL, Y=1)

	UE dropping per network
	Uniform random drop within indoor coverage

	Radius for small cell dropping in a cluster
	N/A

	Radius for UE dropping in a cluster
	N/A

	Minimum UE-to-UE distance (2D distance)
	3m

	Traffic model
	FTP3, 0.5 MB file size
Independent traffic generation on the DL and UL for both Wi-Fi and LAA for FTP traffic model.
Each UE has the same UL/DL traffic arrival rate ratio.
Overall offered load is the same for both the coexisting networks.
DL/UL traffic ratio for DL+UL coexistence evaluation:
50% DL traffic / 50% UL traffic
80% DL traffic / 20% UL traffic

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	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 and Wi-Fi: 20 MHz unlicensed

	Network synchronization
	For the same operator, the network is synchronized.
Small cells of different operators are not synchronized.

	Performance metrics 
	UPT, Delay, Buffer occupancy
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