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Introduction
The coexistence simulation assumptions for DL-only networks in unlicensed spectrum are described in [1]. This contribution presents DL-only coexistence evaluation results using the instructions and table templates provided in [2] for the email discussion [80-04]. Our companion contributions [3] and [4] address the coexistence of a DL-only LAA network with a DL and UL Wi-Fi network in the unlicensed band.
[bookmark: _GoBack]DL-Only LAA Coexistence Evaluations
[bookmark: _Ref411270110]The tables in the Appendix show the detailed coexistence evaluation results for various scenarios where a DL-only LAA network coexists with a Wi-Fi network carrying only DL traffic. Table 1 to Table 6 capture the indoor coexistence DL-only evaluation results while the corresponding outdoor results are given in Table 7 to Table 11. The results generally show that a DL-only LAA network can coexist well with a Wi-Fi network serving traffic only on the downlink and also improve performance of the non-replaced coexisting Wi-Fi network. For the case where two Wi-Fi networks co-exist, the outage in the network increases as the load is increased in many of the cases, as evidenced by a sharp reduction in the ratio of served traffic to offered traffic. It can be observed that in these cases, this ratio is improved significantly when one of the Wi-Fi networks is replaced by an LAA network, thus improving total served system throughput of the non-replaced Wi-Fi network in addition to user throughput and delay performance. 
The following general conclusions can be drawn from the results.
Conclusions:
· DL-only LAA can coexist well with a Wi-Fi network serving traffic only on the downlink
· DL-only LAA can improve the performance of FTP and VoIP services as well as the total served system throughput in a coexisting Wi-Fi network serving traffic only on the downlink.

Conclusions
This contribution provided detailed evaluation results for the case where a DL-only LAA network coexists with a Wi-Fi network serving only DL traffic. The following conclusions can be drawn from the results.
Conclusions:
· DL-only LAA can coexist well with a Wi-Fi network serving traffic only on the downlink
· DL-only LAA can improve the performance of FTP and VoIP services as well as the total served system throughput in a coexisting Wi-Fi network serving traffic only on the downlink.
References
[bookmark: _Ref414745720][bookmark: _Ref363567898][bookmark: _Ref367350341][bookmark: _Ref370111837][bookmark: _Ref370203071][bookmark: _Ref377571746][bookmark: _Ref386564944][bookmark: _Ref386565146][bookmark: _Ref395083208]R1-150955, 3GPP TR36.889 v0.3.1, “Study on Licensed-Assisted Access to Unlicensed Spectrum”
R1-150890 Table Templates for DL only LAA Coexistence Evaluation Results, Ericsson
[bookmark: _Ref414745801]R1-151130 Discussion on the LBT Protocol, Ericsson
[bookmark: _Ref414745808]R1-151146 Additional Coexistence Evaluation Results for DL-only LAA and UL+DL Wi-Fi, Ericsson
Appendix – Evaluation Results
Some clarifications are given below to facilitate understanding the following tables’ entries: 
· Step 1 and step 2 in Wi-Fi and LAA coexistence evaluations are described in section 8.1 in TR 36.889.
· LAA operator 1 and LAA operator 2 refer to the two operators in LAA and LAA coexistence case.
· UPT and delay CDF are intended for the FTP traffic.
· VoIP outage percentage refers to the percentage of the VoIP users with 98%-ile latency greater than 50ms. 
· 𝜆 denotes the traffic arrival rate.
· 𝜌 denotes the ratio between the mean served cell throughput to the mean offered cell throughput for a given traffic arrival rate as the following:

· BO denotes the mean buffer occupancy.
· “Additional comments” is a place holder where companies can provide important information regarding optional assumptions that have been used or assumptions different from the baseline assumptions that are assumed as well as provide brief descriptions of the LBT schemes. 
· As agreed in RAN1#80 meeting, the evaluated LBT schemes are classified 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

[bookmark: _Ref413359127][bookmark: _Ref413358846]Table 1: Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic 
	
Tdoc /
Company
	
LAA LBT cat.
	
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
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2

	Ericsson
	3
	
UPT CDF
[Mbps]
	5%
	22.58
	(48.17) 35.53
	(90.50) 41.29
	6.43
	(45.97)
25.52
	(79.95)
26.56
	2.40
	(44.97)
24.67
	(78.09)
24.89

	
	
	
	50%
	56.98
	(82.54)
75.98
	(127.9)
75.77
	31.87
	(77.44)
65.78
	(118.8)
63.57
	16.02
	(76.83)
64.43
	(117.8)
61.73

	
	
	
	95%
	81.89
	(101.9)
97.91
	(149.2)
96.34
	60.90
	(96.56)
90.13
	(141.8)
87.11
	38.04
	(96.05)
89.19
	(141.3)
85.83

	
	
	
	Mean
	56.96
	(82.43)
74.65
	(127.6)
75.06
	33.7
	(77.84)
65.18
	(119)
63.58
	18.5
	(77.21)
64.02
	(118)
61.91

	
	
	
Delay CDF
[s]
	5%
	0.115
	(0.036)
0.039
	(0.023)
0.04
	0.077
	(0.038)
0.043
	(0.026)
0.045
	0.128
	(0.038)
0.044
	(0.026)
0.046

	
	
	
	50%
	0.521
	(0.055)
0.071
	(0.034)
0.079
	0.317
	(0.062)
0.093
	(0.039)
0.107
	0.690
	(0.063)
0.095
	(0.039)
0.113

	
	
	
	95%
	0.711
	(0.095)
0.26
	(0.051)
0.342
	1.901
	(0.110)
0.455
	(0.064)
0.675
	2.774
	(0.114)
0.502
	(0.064)
0.735

	
	
	
	Mean
	0.247
	(0.062)
0.112
	(0.037)
0.132
	0.642
	(0.069)
0.165
	(0.042)
0.216
	1.104
	(0.07)
0.175
	(0.043)
0.231

	
	
	𝜌
	0.9826
	(0.998)0.993
	(0.999)0.992
	0.9286
	(0.998) 0.985
	(0.999)0.984
	0.7947
	(0.998)0.984
	(0.999)0.982

	
	
	BO
	0.20
	(0.091)0.127
	(0.061)0.072
	0.40
	(0.115) 0.180
	(0.079)0.106
	0.60
	(0.119) 0.189
	(0.082) 0.113

	
	
	𝜆
	0.7 files/s
	0.88 files/s
	1.05 files/s

	
	Additional comments: (*(): results with licensed carrier)
256 QAM, LDPC, 2Tx2Rx, TXOP 4ms, and LBT algorithm based on R1-150584 where the LAA CCA starts and resumes at the subframe boundaries. If LBT succeeds before the 4th OFDM symbol in a subframe the channel is occupied by the LAA node. If the LBT fails by the 4th OFDM symbol in a subframe, the random backoff counter is frozen and the CCA is postponed to the next subframe boundary where the CCA count down is resumed.



[bookmark: _Ref413358850]Table 2: Indoor deployment for LAA and LAA coexistence case with one shared unlicensed carrier and FTP traffic 
	
Tdoc /
Company
	
LAA LBT cat.
	
Reported parameters
	Low load
BO range: 10%~25%
	Medium load
BO range: 35%~50%
	High load
BO range:
above 55%

	
	
	
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2

	Ericsson
	3
	
UPT CDF
[Mbps]
	5%
	38.64
	39.18
	15.31
	12
	5.02
	5.26

	
	
	
	50%
	69.87
	71.06
	44.7
	41.97
	24.56
	26.32

	
	
	
	95%
	90.84
	91.78
	72.88
	69.55
	54.8
	56.95

	
	
	
	Mean
	69.72
	70.97
	46.4
	43.52
	28.31
	30.28

	
	
	
Delay CDF
[s]
	5%
	0.042
	0.041
	0.054
	0.061
	0.074
	0.074

	
	
	
	50%
	0.084
	0.083
	0.174
	0.204
	0.371
	0.336

	
	
	
	95%
	0.282
	0.298
	0.868
	0.769
	1.384
	1.229

	
	
	
	Mean
	0.123
	0.126
	0.307
	0.31
	0.564
	0.511

	
	
	𝜌
	0.99
	0.99
	0.96
	0.93
	0.84
	0.84

	
	
	BO
	0.20
	0.20
	0.40
	0.43
	0.60
	0.59

	
	
	𝜆
	1.035 files/s
	1.408 files/s
	1.734 files/s

	
	Additional comments: (*(): results with licensed carrier)
256 QAM, LDPC, 2Tx2Rx, TXOP 4ms, and LBT algorithm based on R1-150584 where the LAA CCA starts and resumes at the subframe boundaries. If LBT succeeds before the 4th OFDM symbol in a subframe the channel is occupied by the LAA node. If the LBT fails by the 4th OFDM symbol in a subframe, the random backoff counter is frozen and the CCA is postponed to the next subframe boundary where the CCA count down is resumed. 



[bookmark: _Ref413358852]Table 3: Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and Mixed traffic
	
Tdoc /
Company
	
LAA LBT cat.
	
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
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2

	Ericsson
	3
	
UPT CDF
[Mbps]
	5%
	23.43

	(48.32)
39.44
	(94.2)
48.04
	7.11
	(41.74)
30.56
	(83.22)
36.67
	1.24
	(40.47)
26.69
	(91.08)
30.21

	
	
	
	50%
	59.54
	(82.98)
76.87
	(128.7)
77.99
	32.85
	(76.98)
68.46
	(119.7)367.9
	13.41
	(75.73)
65.47
	(117.8)
63.47

	
	
	
	95%
	83.58
	(102.1)
97.51
	(147.5)
96.26
	63.28
	(96.72)
91.34
	(141.5)
89.13
	41.90
	(95.50)
89.02
	(140.5)
86.31

	
	
	
	Mean
	58.84
	(82.32)
76.25
	(128.2)
77.78
	35.18
	(76.42)
67.82
	(119.5)
67.77
	18.21
	(75.14)
64.59
	(117.8)
63.15

	
	
	
Delay CDF
[s]
	5%
	0.049
	(0.037)
0.039
	(0.025)
0.039
	0.073
	(0.040)
0.042
	(0.027)
0.043
	0.126
	(0.040)
0.043
	(0.027)
0.045

	
	
	
	50%
	0.123
	(0.055)
0.065
	(0.034)
0.068
	0.321
	(0.062)
0.079
	(0.038)
0.089
	0.648
	(0.064)
0.086
	(0.039)
0.101

	
	
	
	95%
	0.783
	(0.095)
0.174
	(0.048)
0.157
	1.859
	(0.118)
0.294
	(0.058)
0.268
	3.078
	(0.123)
0.424
	(0.060)
0.416

	
	
	
	Mean
	0.264
	(0.061)
0.088
	(0.035)
0.085
	0.645
	(0.071)
0.128
	(0.04)
0.124
	1.154
	(0.074)
0.163
	(0.042)
0.17

	
	
	VoIP outage
(%)
	11.3
	(0.76)
9.8
	
N/A
	22.4
	(1.2)
19.2
	
N/A
	41.4
	(1.1)
22.4
	
N/A

	
	
	𝜌
	0.9819
	(0.999) 0.998
	(0.998) 0.997
	0.929
	(0.998)
0.996
	(0.998)0.995
	0.8233
	(0.998) 0.991
	(0.998)0.988

	
	
	BO
	0.20
	(0.095) 0.119
	(0.051)0.053
	0.40
	(0.125)60.169
	(0.068)0.079
	0.60
	(0.133)0.194
	(0.073)0.096

	
	
	𝜆
	0.60 files/s
	0.79 files/s
	0.94 files/s

	
	Additional comments: (*(): results with licensed carrier)
256 QAM, LDPC, 2Tx2Rx, TXOP 4ms, and LBT algorithm based on R1-150584 where the LAA CCA starts and resumes at the subframe boundaries. If LBT succeeds before the 4th OFDM symbol in a subframe the channel is occupied by the LAA node. If the LBT fails by the 4th OFDM symbol in a subframe, the random backoff counter is frozen and the CCA is postponed to the next subframe boundary where the CCA count down is resumed.



[bookmark: _Ref413358856]Table 4: Indoor deployment for Wi-Fi and LAA coexistence case with four shared unlicensed carriers and FTP traffic 
	
Tdoc /
Company
	
LAA LBT cat.
	
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
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2

	Ericsson
	3
	
UPT CDF
[Mbps]
	5%
	51.17
	(61.82)
54.02
	(104.0)
69.41
	28.99
	(46.18)
34.13
	(71.20)
37.37
	10.05
	(30.14)
22.33
	(45.89)
17.05

	
	
	
	50%
	80.60
	(90.98)
89.45
	(131.1)
93.42
	56.98
	(78.77)
76.64
	(102.5)
69.23
	35.39
	(69.61)
68.23
	(79.99)
49.46

	
	
	
	95%
	101.2
	(110.7)
109.8
	(150.7)
109.3
	81.33
	(100.7)
98.80
	(128.8)
93.62
	63.00
	(92.28)
90.52
	(111.8)
80.84

	
	
	
	Mean
	80.24
	(90.24)
87.92
	(130.8)
92.83
	57.77
	(77.85)
74.73
	(102.8)
69.25
	36.92
	(68.04)
65.73
	(80.91)
50.51

	
	
	
Delay CDF
[s]
	5%
	0.0410
	(0.035)
0.036
	(0.025)
0.03
	0.0610
	(0.041)
0.042
	(0.030)
0.045
	0.092
	(0.047)
0.048
	(0.037)
0.058

	
	
	
	50%
	0.0650
	(0.049)
0.05
	(0.033)
0.05
	0.1260
	(0.062)
0.065
	(0.049)
0.089
	0.236
	(0.075)
0.079
	(0.070)
0.152

	
	
	
	95%
	0.1190
	(0.076)
0.116
	(0.045)
0.099
	0.4100
	(0.151)
0.232
	(0.088)
0.265
	1.073
	(0.266)
0.351
	(0.163)
0.493

	
	
	
	Mean
	0.074
	(0.052)
0.074
	(0.034)
0.063
	0.181
	(0.077)
0.116
	(0.054)
0.136
	0.402
	(0.111)
0.143
	(0.084)
0.235

	
	
	𝜌
	0.9987
	(0.999)
0.998
	(0.999)0.998
	0.9952
	(0.997) 0.993
	(0.998)0.992
	0.9806
	(0.993)0.985
	(0.997)0.982

	
	
	BO
	0.20
	(0.164) 0.173
	(0.137)0.195
	0.40
	(0.291)0.307
	(0.287)0.403
	0.60
	(0.385)0.401
	(0.432) 0.585

	
	
	𝜆
	0.45 files/s
	0.79 files/s
	1.05 files/s

	
	Additional comments: (*(): results with licensed carrier)
256 QAM, LDPC, 2Tx2Rx, TXOP 4ms, and LBT algorithm based on R1-150584 where the LAA CCA starts and resumes at the subframe boundaries. If LBT succeeds before the 4th OFDM symbol in a subframe the channel is occupied by the LAA node. If the LBT fails by the 4th OFDM symbol in a subframe, the random backoff counter is frozen and the CCA is postponed to the next subframe boundary where the CCA count down is resumed.



[bookmark: _Ref413358859]Table 5: Indoor deployment for LAA and LAA coexistence case with four shared unlicensed carriers and FTP traffic 
	
Tdoc /
Company
	
LAA LBT cat.
	
Reported parameters
	Low load
BO range: 10%~25%
	Medium load
BO range: 35%~50%
	High load
BO range:
above 55%

	
	
	
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2

	Ericsson
	3
	
UPT CDF
[Mbps]
	5%
	76.28
	75.06
	40.18
	40.52
	24.42
	25.89

	
	
	
	50%
	97.9
	96.23
	78.5
	75.46
	53.82
	52.78

	
	
	
	95%
	111
	111.1
	97.3
	95.96
	76.98
	75.32

	
	
	
	Mean
	97.3
	95.9
	76.57
	74.26
	53.65
	53.02

	
	
	
Delay CDF
[s]
	5%
	0.034
	0.034
	0.041
	0.043
	0.088
	0.081

	
	
	
	50%
	0.043
	0.044
	0.06
	0.064
	0.286
	0.173

	
	
	
	95%
	0.061
	0.066
	0.215
	0.236
	0.737
	0.47

	
	
	
	Mean
	0.046
	0.047
	0.105
	0.109
	0.364
	0.231

	
	
	𝜌
	1.00
	1.00
	0.99
	0.99
	0.94
	0.93

	
	
	BO
	0.20
	0.20
	0.40
	0.41
	0.60
	0.60

	
	
	𝜆
	0.558 files/s
	0.971 files/s
	1.356 files/s

	
	Additional comments: (*(): results with licensed carrier)
256 QAM, LDPC, 2Tx2Rx, TXOP 4ms, and LBT algorithm based on R1-150584 where the LAA CCA starts and resumes at the subframe boundaries. If LBT succeeds before the 4th OFDM symbol in a subframe the channel is occupied by the LAA node. If the LBT fails by the 4th OFDM symbol in a subframe, the random backoff counter is frozen and the CCA is postponed to the next subframe boundary where the CCA count down is resumed.



[bookmark: _Ref413359143][bookmark: _Ref413358862]Table 6: Indoor deployment for Wi-Fi and LAA coexistence case with four shared unlicensed carriers and Mixed traffic 
	
Tdoc /
Company
	
LAA LBT cat.
	
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
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2

	Ericsson
	3
	
UPT CDF
[Mbps]
	5%
	48.51
	(59.24)
56.25
	(102.7)
64.88
	26.81
	(45.73)
33.42
	(71.47)
35.32
	10.61
	(31.28)
20.21
	(46.95)
16.45

	
	
	
	50%
	79.71
	(89.9)
88.81
	(127.9)
88.18
	57.60
	(77.97
75.92
	(100.7)
66.67
	37.12
	(67.51)
66.35
	(77.29)
48.56

	
	
	
	95%
	100.04
	(109.4)
108.2
	(148.3)
106.5
	80.38
	(99.28
97.41
	(127.7)
92.74
	63.37
	(89.91)
89.42
	(108.4)
78.76

	
	
	
	Mean
	78.93
	(89.08)
87.58
	(127.7)
88.25
	57.43
	(77.2)
73.88
	(101.1)
67.02
	37.99
	(66.75)
64.51
	(78.71)
49.23

	
	
	
Delay CDF
[s]
	5%
	0.0420
	(0.036)
0.107
	(0.025)
0.123
	0.0610
	(0.031)
0.045
	(0.042)
0.042
	0.0870
	(0.048)
0.049
	(0.038)
0.06

	
	
	
	50%
	0.0660
	(0.049)
0.05
	(0.033)
0.053
	0.1220
	(0.049)
0.089
	(0.063)
0.065
	0.2180
	(0.080)
0.081
	(0.072)
0.161

	
	
	
	95%
	0.1270
	(0.077)
0.036
	(0.046)
0.036
	0.3590
	(0.083)
0.269
	(0.128)
0.191
	0.8720
	(0.219)
0.303
	(0.143)
0.486

	
	
	
	Mean
	0.078
	(0.053)
0.064
	(0.034)
0.07
	0.173
	(0.076)
0.1
	(0.053)
0.133
	0.355
	(0.118)
0.141
	(0.082)
0.23

	
	
	VoIP outage
%
	0
	0
	N/A
	0
	0
	N/A
	0
	0
	N/A

	
	
	𝜌
	0.9989
	(0.999)0.998
	(0.999)0.998
	0.9957
	(0.998)0.994
	(0.998) 0.993
	0.989
	(0.996)0.987
	(0.995)0.985

	
	
	BO
	0.20
	(0.133) 0.197
	(0.182)0.194
	0.40
	(0.279) 0.341
	(0.313)0.395
	0.60
	(0.428) 0.441
	(0.416)0.579

	
	
	𝜆
	0.42 files/s
	0.74 files/s
	0.98 files/s

	
	Additional comments: (*(): results with licensed carrier)
256 QAM, LDPC, 2Tx2Rx, TXOP 4ms, and LBT algorithm based on R1-150584 where the LAA CCA starts and resumes at the subframe boundaries. If LBT succeeds before the 4th OFDM symbol in a subframe the channel is occupied by the LAA node. If the LBT fails by the 4th OFDM symbol in a subframe, the random backoff counter is frozen and the CCA is postponed to the next subframe boundary where the CCA count down is resumed.



[bookmark: _Ref413359155][bookmark: _Ref413358865]Table 7: Outdoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic 
	
Tdoc /
Company
	
LAA LBT cat.
	
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
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2

	Ericsson
	3
	
UPT CDF
[Mbps]
	5%
	8.23
	(30.28)
20.12
	(73.82)
28.17
	1.19
	(25.2)
12.82
	(68.81)
20.91
	0.35
	(20.55)
7.14
	(63.5)
14.11

	
	
	
	50%
	43.04
	(82.90)
69.82
	(127.8)
76.51
	19.22
	(77.19)
56.72
	(122.7)
67.8
	7.38
	(70.63)
42.8
	(116.9)
56.55

	
	
	
	95%
	75.86
	(109.5)
101.1
	(152.9)
101.9
	50.12
	(105.5)
94.43
	(151.2)
97.99
	30.96
	(100.9)
82.9
	(148.3)
90.66

	
	
	
	Mean
	43.95
	(80.55)
68.54
	(124.5)
74.2
	22.27
	(75.12)
57.44
	(120.1)
66.34
	11.32
	(69.14)
45.19
	(114.8)
56.48

	
	
	
Delay CDF
[s]
	5%
	0.051
	(0.032)
0.034
	(0.023)
0.033
	0.081
	(0.033)
0.037
	(0.023)
0.036
	0.129
	(0.034)
0.047
	(0.023)
0.04

	
	
	
	50%
	0.156
	(0.048)
0.07
	(0.03)
0.06
	0.359
	(0.054)
0.098
	(0.032)
0.077
	0.68
	(0.062)
0.162
	(0.034)
0.108

	
	
	
	95%
	1.006
	(0.122)
0.275
	(0.048)
0.192
	2.423
	(0.15)
0.491
	(0.054)
0.291
	3.366
	(0.207)
1.037
	(0.062)
0.495

	
	
	
	Mean
	0.318
	(0.062)
0.109
	(0.033)
0.082
	0.74
	(0.071)
0.176
	(0.035)
0.112
	1.141
	(0.089)
0.33
	(0.038)
0.179

	
	
	𝜌
	0.97
	(1.00)
1.00
	(1.00)
1.00
	0.89
	(1.00)
0.99
	(1.00)
1.00
	0.74
	(0.99)
0.96
	(1.00)
0.99

	
	
	BO
	0.20
	(0.06)
0.09
	(0.03)
0.08
	0.40
	(0.07)
0.13
	(0.04)
0.11
	0.60
	(0.10)
0.22
	(0.05)
0.16

	
	
	𝜆
	0.436 files/s
	0.552 files/s
	0.7566 files/s

	
	Additional comments: (*(): results with licensed carrier)
256 QAM, LDPC, 2Tx2Rx, TXOP 4ms, and LBT algorithm based on R1-150584 where the LAA CCA starts and resumes at the subframe boundaries. If LBT succeeds before the 4th OFDM symbol in a subframe the channel is occupied by the LAA node. If the LBT fails by the 4th OFDM symbol in a subframe, the random backoff counter is frozen and the CCA is postponed to the next subframe boundary where the CCA count down is resumed.



[bookmark: _Ref413358868]Table 8: Outdoor deployment for LAA and LAA coexistence case with one shared unlicensed carrier and FTP traffic 
	
Tdoc /
Company
	
LAA LBT cat.
	
Reported parameters
	Low load
BO range: 10%~25%
	Medium load
BO range: 35%~50%
	High load
BO range:
above 55%

	
	
	
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2

	Ericsson
	3
	
UPT CDF
[Mbps]
	5%
	33.28
	26.89
	11.32
	9.69
	1.01
	1.28

	
	
	
	50%
	67.8
	67.81
	37.76
	37.84
	17.06
	19.49

	
	
	
	95%
	94.51
	92.84
	74.8
	71.64
	54.68
	55.87

	
	
	
	Mean
	67.83
	67.05
	40.94
	40.2
	21.86
	23.7

	
	
	
Delay CDF
[s]
	5%
	0.044
	0.047
	0.057
	0.064
	0.083
	0.082

	
	
	
	50%
	0.132
	0.132
	0.254
	0.257
	0.487
	0.413

	
	
	
	95%
	0.772
	0.652
	1.798
	1.472
	2.709
	2.105

	
	
	
	Mean
	0.252
	0.228
	0.545
	0.486
	0.884
	0.718

	
	
	𝜌
	97
	97
	93
	93
	82
	86

	
	
	BO
	20
	20
	40
	40
	60
	56

	
	
	𝜆
	0.649 files/s
	0.888 files/s
	1.121 files/s

	
	Additional comments: 



[bookmark: _Ref413358871]Table 9: Outdoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and Mixed traffic 
	
Tdoc /
Company
	
LAA LBT cat.
	
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
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2

	Ericsson
	3
	
UPT CDF
[Mbps]
	5%
	7.30
	(20.96)
16
	(78.16)
29.66
	0.50
	(14.61)
8.78
	(67.19)
16.41
	0.24
	(10.51)
3.73
	(58.64)
9.39

	
	
	
	50%
	34.60
	(71.02)
61.84
	(126.9)
75.44
	11.48
	(61.64)
46.98
	(117.7)
59.40
	5.45
	(53.79)
32.04
	(107.3)
45.56

	
	
	
	95%
	69.51
	(102.9)
97.26
	(151.3)
98.37
	41.66
	(95.66)
86.23
	(145.8)
89.50
	26.42
	(89.08)
74.97
	(141.6)
81.55

	
	
	
	Mean
	37.58
	(69.38)
61.18
	(124.2)
73.2
	15.89
	(60.91)
47.95
	(115.3)
58.59
	9.03
	(54.26)
36.44
	(106.6)
46.84

	
	
	
Delay CDF
[s]
	5%
	0.058
	(0.034)
0.036
	(0.023)
0.035
	0.104
	(0.024)
0.039
	(0.036)
0.042
	0.138
	(0.040)
0.050
	(0.024)
0.043

	
	
	
	50%
	0.213
	(0.057)
0.076
	(0.030)
0.060
	0.479
	(0.033)
0.086
	(0.069)
0.115
	0.835
	(0.082)
0.185
	(0.037)
0.123

	
	
	
	95%
	0.058
	(0.179)
0.274
	(0.047)
0.184
	3.419
	(0.056)
0.373
	(0.255)
0.562
	4.598
	(0.338)
1.191
	(0.066)
0.683

	
	
	
	Mean
	0.502
	(0.032)
0.115
	(0.079)
0.082
	1.007
	(0.103)
0.207
	(0.036)
0.14
	1.435
	(0.128)
0.387
	(0.041)
0.231

	
	
	VoIP outage
(%)
	10.3
	(0.0)
5.7
	
N/A
	23.9
	(0.3)
15.8
	
N/A
	38.6
	(0.9)
33.6
	
N/A

	
	
	𝜌
	0.96
	(1.00)
1.00
	(1.00)
1.00
	0.87
	(1.00)
0.99
	(1.00)
0.99
	0.71
	(0.99)
0.97
	(1.00)
0.98

	
	
	BO
	0.20
	(0.08)
0.11
	(0.03)
0.06
	0.40
	(0.11)
0.18
	(0.04)
0.12
	0.60
	(0.15)
0.28
	(0.05)
0.19

	
	
	𝜆
	0.3398 files/s
	0.4918 files/s
	0.6667 files/s

	
	Additional comments: (*(): results with licensed carrier)
256 QAM, LDPC, 2Tx2Rx, TXOP 4ms, and LBT algorithm based on R1-150584 where the LAA CCA starts and resumes at the subframe boundaries. If LBT succeeds before the 4th OFDM symbol in a subframe the channel is occupied by the LAA node. If the LBT fails by the 4th OFDM symbol in a subframe, the random backoff counter is frozen and the CCA is postponed to the next subframe boundary where the CCA count down is resumed.



[bookmark: _Ref413358874]Table 10: Outdoor deployment for Wi-Fi and LAA coexistence case with four shared unlicensed carriers and FTP traffic 
	
Tdoc /
Company
	
LAA LBT cat.
	
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
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2

	Ericsson
	3
	
UPT CDF
[Mbps]
	5%
	20.25
	(34.14)
21.4
	(74.1)
31.91
	3.52
	(19.17)
3.89
	(49.54)
8.45
	0.63
	(5.3)
0.41
	(25.69)
2.24

	
	
	
	50%
	69.42
	(88.21)
75.92
	(127.0)
86.37
	37.18
	(70.46)
47.25
	(108.6)
62.04
	18.82
	(42.36)
24.83
	(80.82)
39.09

	
	
	
	95%
	104.01
	(115.2)
110.83
	(153.1)
111.33
	84.89
	(105.8)
97.68
	(142.1)
101.61
	62.78
	(92.68)
81.97
	(125.7)
90.23

	
	
	
	Mean
	68.52
	(85.34)
73.81
	(123.8)
82.32
	40.64
	(68.73)
49.84
	(105.7)
60.32
	24.32
	(45.54)
31.54
	(80.48)
42.45

	
	
	
Delay CDF
[s]
	5%
	0.034
	(0.031)
0.031
	(0.023)
0.031
	0.044
	(0.034)
0.036
	(0.025)
0.034
	0.064
	(0.039)
0.043
	(0.028)
0.04

	
	
	
	50%
	0.067
	(0.047)
0.062
	(0.029)
0.047
	0.135
	(0.066)
0.116
	(0.036)
0.075
	0.248
	(0.146)
0.198
	(0.056)
0.141

	
	
	
	95%
	0.304
	(0.12)
0.421
	(0.05)
0.275
	1.201
	(0.276)
1.263
	(0.081)
0.791
	2.361
	(1.249)
2.59
	(0.261)
1.565

	
	
	
	Mean
	0.116
	(0.059)
0.151
	(0.033)
0.111
	0.366
	(0.11)
0.366
	(0.043)
0.228
	0.63
	(0.371)
0.6
	(0.096)
0.4

	
	
	𝜌
	1.00
	(1.00)
0.99
	(1.00)
0.99
	0.97
	(1.00)
0.96
	(1.00)
0.98
	0.85
	(0.94)
0.81
	(0.99)
0.94

	
	
	BO
	0.20
	(0.14)
0.2
	(0.10)
0.18
	0.40
	(0.26)
0.38
	(0.17)
0.35
	0.60
	(0.46)
0.58
	(0.33)
0.55

	
	
	𝜆
	0.333 files/s
	0.5156 files/s
	0.7999 files/s

	
	Additional comments: (*(): results with licensed carrier)
 256 QAM, LDPC, 2Tx2Rx, TXOP 4ms, and LBT algorithm based on R1-150584 where the LAA CCA starts and resumes at the subframe boundaries. If LBT succeeds before the 4th OFDM symbol in a subframe the channel is occupied by the LAA node. If the LBT fails by the 4th OFDM symbol in a subframe, the random backoff counter is frozen and the CCA is postponed to the next subframe boundary where the CCA count down is resumed.



[bookmark: _Ref413359161][bookmark: _Ref413358879]Table 11: Outdoor deployment for Wi-Fi and LAA coexistence case with four shared unlicensed carriers and Mixed traffic 
	
Tdoc /
Company
	
LAA LBT cat.
	
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
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2

	Ericsson
	3
	
UPT CDF
[Mbps]
	5%
	14.29
	(23.34)
18.33
	(77.05)
35.98
	1.8
	(12.96)
4.07
	(52.64)
9.99
	0.42
	(4.87)
0.64
	(28.3)
2.97

	
	
	
	50%
	64.55
	(81.79)
74.09
	(127.9)
85.92
	31.45
	(63.78)
46.74
	(108.2)
64.73
	15.54
	(41.29)
23.31
	(83.47)
41.57

	
	
	
	95%
	101.96
	(112.8)
110.19
	(153.7)
111.48
	80.96
	(103.2)
96.26
	(142.4)
103.8
	57.79
	(89.84)
81.35
	(127.2)
92.77

	
	
	
	Mean
	63.3
	(77.89)
71.46
	(125.2)
83.22
	36.4
	(62.66)
49.2
	(105.8)
63.02
	21.48
	(44.71)
31.74
	(82.8)
44.64

	
	
	
Delay CDF
[s]
	5%
	0.036
	(0.031)
0.032
	(0.023)
0.031
	0.047
	(0.034)
0.037
	(0.024)
0.034
	0.069
	(0.04)
0.045
	(0.028)
0.039

	
	
	
	50%
	0.075
	(0.049)
0.061
	(0.029)
0.047
	0.163
	(0.073)
0.115
	(0.036)
0.07
	0.286
	(0.143)
0.215
	(0.053)
0.132

	
	
	
	95%
	0.573
	(0.157)
0.386
	(0.048)
0.181
	1.891
	(0.324)
1.199
	(0.079)
0.631
	2.63
	(1.262)
2.531
	(0.207)
1.443

	
	
	
	Mean
	0.174
	(0.069)
0.129
	(0.032)
0.08
	0.512
	(0.125)
0.352
	(0.043)
0.189
	0.7
	(0.365)
0.632
	(0.081)
0.373

	
	
	VoIP outage
%
	3
	(0)
	N/A
	9
	(1)
	N/A
	8
	(8)
	N/A

	
	
	𝜌
	0.99
	(1)
0.99
	(1)
1
	0.95
	(1)
0.96
	(1)
0.99
	0.8
	(0.99)
0.83
	(0.94)
0.95

	
	
	BO
	0.20
	(0.17)
0.2
	(0.08)
0.14
	0.40
	(0.3)
0.39
	(0.16)
0.31
	0.60
	(0.47)
0.56
	(0.3)
0.51

	
	
	𝜆
	0.339 files/s
	0.492 files/s
	0.667 files/s

	
	Additional comments: (*(): results with licensed carrier)
256 QAM, LDPC, 2Tx2Rx, TXOP 4ms, and LBT algorithm based on R1-150584 where the LAA CCA starts and resumes at the subframe boundaries. If LBT succeeds before the 4th OFDM symbol in a subframe the channel is occupied by the LAA node. If the LBT fails by the 4th OFDM symbol in a subframe, the random backoff counter is frozen and the CCA is postponed to the next subframe boundary where the CCA count down is resumed.



