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[bookmark: _Ref301342314]Introduction
Substantial progress was made for the Study Item on Licensed-Assisted Access (LAA) [1] in RAN1 WG #80 [2]. An additional optional simulation scenario for DL-only LAA was agreed as the following:
Agreements:
· Include an additional optional simulation scenario with Y=1 (single channel scenario) with the following assumptions
· Non replaced WiFi network has both DL and UL traffic 
· WiFi network, which is replaced by LAA, has only DL FTP traffic
· Assume 20UEs per operator
· For all other parameters, use the existing DL + UL simulation assumptions whenever applicable
· For traffic load and split (Overall offered load is the same for both the coexisting networks) at least the following case should be simulated:
· Traffic load on DL-only Wi-Fi and LAA networks is 25% greater than that of the DL nodes in the DL+UL non-replaced Wi-Fi network 
· DL to UL ratio is 80% to 20% for this scenario

We have considered the above scenario for the coexistence study and in this contribution, we report the coexistence evaluation results for the LAA solution without UL transmissions discussed in [3] for indoor scenarios when the non-replaced Wi-Fi network supports both UL and DL traffic while the replaced-Wi-Fi network as well as LAA both support only DL traffic.
Coexistence Evaluation Assumptions
The coexistence methodology agreed in RAN1#78bis [4] is the following:
Agreements:
· Wi-Fi-LAA coexistence
· For each UE and eNB/AP drop
· Step 1: Performance metrics for two Wi-Fi networks coexisting in a given evaluation scenario are evaluated and recorded.
· Step 2: Wi-Fi is replaced with LAA for the group of eNBs and UEs served by one of the Wi-Fi operators. Performance metrics of the Wi-Fi network coexisting with the LAA network are evaluated and recorded.
· Performance metrics for the Wi-Fi operator common to the two steps are compared.
· LAA-LAA coexistence
· Performance metrics for two LAA operators coexisting in a given evaluation scenario are evaluated and recorded.
· Performance metrics for the two LAA operators are compared.
The above agreed methodology is used for the coexistence evaluations. Briefly, in the Wi-Fi and LAA coexistence scenario, in the first step Operator A and B both use Wi-Fi. In the second step, operator A and its corresponding UEs are replaced by an LAA operator and LAA UEs while operator B and its UEs remain unchanged. Additionally operator A supports only DL traffic while both DL and UL traffic are supported by operator B. Moreover, the licensed PCell carrier is not used in the LAA network. More details on the simulation assumptions are provided in the Appendix, Annex A.
[bookmark: _Ref410305256]Coexistence Evaluation Results
In this evaluation scenario, two operators deploy X=4 small cells each in the single-floor building sharing Y=1 unlicensed carrier. 20 UEs for each operator network are modeled. Operator A supports DL-only traffic while the non-replaced Wi-Fi operator B supports both DL and UL traffic. The results presented in Figure 1 and Figure 2 correspond to an 80/20 split between DL and UL traffic in the Wi-Fi network B while the results available in Figure 3 and Figure 4 correspond to a 50/50 split between DL and UL traffic in the Wi-Fi network B. Results are shown for FTP traffic as well as the mixed traffic model with FTP and VoIP traffic, where two additional VoIP traffic UEs are modeled for the non-replaced Wi-Fi network. Additional results that provide a comprehensive picture of the observed performance are shown in the Appendix, Annex B.
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Figure 1: User throughput vs. served traffic per operator per AP for FTP traffic with 80/20 split between DL and UL traffic where ∇ and O correspond to 5%-ile and mean user throughput, respectively. Operator A network has only DL traffic and Operator B network has DL and UL traffic. For LAA, licensed band PCell is not used for DL traffic. The left and right plots correspond to DL and UL user throughput results, respectively.
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[bookmark: _Ref414666672]Figure 2: VoIP outage with 80/20 split between DL and UL traffic where black and blue lines correspond to the non-replaced Wi-Fi network coexisting with Wi-Fi and with LAA, respectively. Operator A network has only DL traffic and Operator B network has DL and UL traffic. For LAA, licensed band PCell is not used for DL traffic. The left and right plots correspond to DL and UL user results, respectively.

[image: ][image: ]
[bookmark: _Ref414666695]Figure 3: User throughput vs. served traffic per operator per AP for FTP traffic with 50/50 split between DL and UL traffic where ∇ and O correspond to 5%-ile and mean user throughput, respectively. Operator A network has only DL traffic and Operator B network has DL and UL traffic. For LAA, licensed band PCell is not used for DL traffic. The left and right plots correspond to DL and UL user throughput results, respectively.

[image: ] [image: ]
[bookmark: _Ref414666702]Figure 4: VoIP outage with 50/50 split between DL and UL traffic where black and blue lines correspond to the non-replaced Wi-Fi coexisting with Wi-Fi and with LAA, respectively. Operator A network has only DL traffic and Operator B network has DL and UL traffic. For LAA, licensed band PCell is not used for DL traffic. The left and right plots correspond to DL and UL user results, respectively.

The results shown in the previous figures have been summarized in tabular form. The tables below show the throughput and latency for some significant points on the CDF for each of the coexistence scenario. Moreover the outage of the VoIP users when relevant, the ratio between served and offered traffic and the mean buffer occupancy are reported. The performance metrics are reported for both DL and UL when relevant. The mean buffer occupancy BO from the AP/eNB point of view including both UL and DL traffic of the baseline system  (i.e. non-replaced Wi-Fi when coexisting with another Wi-Fi network) is used to represent the low, medium and high load operating points. The corresponding offered traffic to BO of the baseline system is used as reference offered traffic 𝜆 to determine the performance metric of different networks for different steps. All tables correspond to the indoor scenario with one shared unlicensed carrier and Operator A having only DL FTP traffic. They differ by the traffic type of Operator B.
· Table 1: Operator B network has only FTP traffic with a DL and UL share of 80/20.
· Table 2: Operator B network has mixed FTP/VoIP traffic. The FTP traffic is split between DL and UL with a 80/20 share.
· Table 3: Operator B network has only FTP traffic with a DL and UL share of 50/50.
· Table 4: Operator B network has mixed FTP/VoIP traffic. The FTP traffic is split between DL and UL with a 50/50 share.
Note that in order to use the agreed templates for reporting coexistence evaluation results, Operators 1 and 2 in the tables correspond to Operators B and A in the evaluations here, respectively.

[bookmark: _Ref414616423]Table 1: Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic. Operator A network has only DL traffic and Operator B network has DL and UL traffic with 80/20 split. Each network has 4 eNBs/APs and 20 UEs. The non-replaced Wi-Fi network is operator B.

	
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%
	21.1
	24.1
	41.5
	48.83
	7.39
	8.57
	28.83
	31.39
	0.59
	0.78
	13.94
	13.65

	
	50%
	54.71
	56.38
	78.9
	78.46
	33
	34.88
	66.09
	64.48
	15.13
	16.73
	41.87
	37.92

	
	95%
	86.96
	87.88
	100.38
	96.63
	68.55
	68.07
	90.8
	87.26
	43.69
	43.23
	73.7
	68.66

	
	Mean
	57.36
	58.66
	78.23
	77.79
	36.95
	37.84
	65.05
	63.08
	19.12
	19.73
	44.28
	40.41

	DL:
Delay CDF
[s]
	5%
	0.044
	0.046
	0.036
	0.04
	0.059
	0.076
	0.042
	0.049
	0.107
	0.109
	0.066
	0.107

	
	50%
	0.179
	0.191
	0.06
	0.069
	0.619
	0.463
	0.096
	0.116
	1.374
	0.93
	0.301
	0.609

	
	95%
	1.332
	1.387
	0.312
	0.352
	4.581
	4.175
	1.297
	1.295
	7.415
	6.311
	2.897
	3.59

	
	Mean
	0.497
	0.47
	0.12
	0.128
	1.44
	1.235
	0.335
	0.359
	2.463
	1.974
	0.875
	1.154

	UL:
UPT CDF
[Mbps]
	5%
	5.43
	N/A
	12.8
	N/A
	    2.08
	N/A
	6.92
	N/A
	0.37
	N/A
	2.56
	N/A

	
	50%
	40.16
	N/A
	61.48
	N/A
	   22.08
	N/A
	49
	N/A
	8.91
	N/A
	29.39
	N/A

	
	95%
	82.05
	N/A
	90.75
	N/A
	   67.13
	N/A
	86.68
	N/A
	45.99
	N/A
	71.87
	N/A

	
	Mean
	43.46
	N/A
	60.25
	N/A
	   28.71
	N/A
	49.54
	N/A
	15.57
	N/A
	33.57
	N/A

	UL:
Delay CDF
[s]
	5%
	0.029
	N/A
	0.028
	N/A
	0.037
	N/A
	0.029
	N/A
	0.08
	N/A
	0.034
	N/A

	
	50%
	0.134
	N/A
	0.053
	N/A
	0.415
	N/A
	0.078
	N/A
	0.902
	N/A
	0.224
	N/A

	
	95%
	1.627
	N/A
	0.493
	N/A
	3.703
	N/A
	1.173
	N/A
	5.434
	N/A
	2.62
	N/A

	
	Mean
	0.466
	N/A
	0.163
	N/A
	1.066
	N/A
	0.302
	N/A
	1.731
	N/A
	0.686
	N/A

	𝜌DL
	0.97
	0.96
	1
	0.99
	0.86
	0.84
	0.98
	0.98
	0.72
	0.70
	0.92
	0.88

	𝜌UL
	0.97
	N/A
	1
	N/A
	0.91
	N/A
	0.98
	N/A
	0.85
	N/A
	
	N/A

	BO
	0.2
	0.23
	0.09
	0.12
	0.4
	0.42
	0.17
	0.22
	0.6
	0.61
	0.33
	0.45

	𝜆
	0.334327
	0.402741
	0.48666

	Company/tdoc: Ericsson R1-151131 / R1-152107
LBT category: 3
Additional information:
Sensing threshold used: -82 dBm
Whether defer periods are used or not: Yes
CCA and ECCA slot length: 20 μs
Whether or not intra and/or inter-RAT detection is assumed: only CCA-ED
Any significant deviations from evaluations methodology and assumptions:




[bookmark: _Ref414616426]Table 2: Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and Mixed traffic. Operator A network has only DL traffic and Operator B network has DL and UL traffic with 80/20 split. Each network has 4 eNBs/APs and 20 UEs. The non-replaced Wi-Fi network is operator B.

	
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%
	26.76
	27.92
	45.9
	57.02
	3.02
	5.2
	29.65
	37.54
	0.95
	1.52
	13.07
	16.37

	
	50%
	60.25
	61.88
	78.35
	83.52
	32.08
	32.54
	63.43
	67.71
	14.84
	15.23
	43.14
	44.58

	
	95%
	88.16
	89.18
	99.43
	99.58
	68.97
	70.32
	89.53
	88.92
	41.74
	40.91
	75.68
	72.87

	
	Mean
	61.37
	62.94
	78.38
	83.05
	35.67
	36.81
	64.37
	67.65
	18.47
	18.66
	45.81
	46.73

	DL:
Delay CDF
[s]
	5%
	0.044
	0.054
	0.036
	0.039
	0.062
	0.078
	0.042
	0.048
	0.107
	0.101
	0.054
	0.072

	
	50%
	0.208
	0.222
	0.064
	0.064
	0.507
	0.507
	0.108
	0.112
	1.241
	1.015
	0.265
	0.29

	
	95%
	2.234
	1.93
	0.289
	0.265
	5.261
	4.382
	0.819
	0.772
	8.459
	6.258
	2.694
	2.625

	
	Mean
	0.596
	0.557
	0.115
	0.104
	1.405
	1.264
	0.258
	0.24
	2.558
	2.038
	0.717
	0.714

	UL:
UPT CDF
[Mbps]
	5%
	7.38
	N/A
	17.32
	N/A
	0.75
	N/A
	7.19
	N/A
	0.41
	N/A
	2.85
	N/A

	
	50%
	42.01
	N/A
	57.69
	N/A
	19.92
	N/A
	46.35
	N/A
	8.03
	N/A
	28.55
	N/A

	
	95%
	81.57
	N/A
	88.78
	N/A
	65.73
	N/A
	80.42
	N/A
	41.94
	N/A
	68.21
	N/A

	
	Mean
	45.74
	N/A
	58.12
	N/A
	27.14
	N/A
	47.12
	N/A
	14.05
	N/A
	32.83
	N/A

	UL:
Delay CDF
[s]
	5%
	0.031
	N/A
	0.029
	N/A
	0.039
	N/A
	0.031
	N/A
	0.067
	N/A
	0.036
	N/A

	
	50%
	0.175
	N/A
	0.058
	N/A
	0.41
	N/A
	0.094
	N/A
	0.97
	N/A
	0.208
	N/A

	
	95%
	1.95
	N/A
	0.397
	N/A
	4.219
	N/A
	0.88
	N/A
	5.887
	N/A
	1.864
	N/A

	
	Mean
	0.551
	N/A
	0.129
	N/A
	1.208
	N/A
	0.263
	N/A
	1.875
	N/A
	0.595
	N/A

	VoIP outage
	0.36
	N/A
	0.17
	N/A
	0.59
	N/A
	0.29
	N/A
	0.76
	N/A
	0.43
	N/A

	VoIP outage(DL)
	0.3
	N/A
	0.13
	N/A
	0.51
	N/A
	0.21
	N/A
	0.74
	N/A
	0.36
	N/A

	VoIP outage(UL)
	0.12
	N/A
	0.06
	N/A
	0.22
	N/A
	0.12
	N/A
	0.28
	N/A
	0.19
	N/A

	𝜌DL
	0.95
	0.95
	1
	1
	0.86
	0.87
	0.99
	0.99
	0.73
	0.73
	0.93
	0.94

	𝜌UL
	0.96
	N/A
	1
	N/A
	0.91
	N/A
	0.99
	N/A
	0.84
	N/A
	0.96
	N/A

	BO
	0.2
	0.2
	0.09
	0.09
	0.4
	0.4
	0.16
	0.18
	0.6
	0.6
	0.31
	0.35

	𝜆
	0.259090
	0.343218
	0.410374

	Company/tdoc: Ericsson R1-151131 / R1-152107
LBT category: 3
Additional information:
Sensing threshold used: -82 dBm
Whether defer periods are used or not: Yes
CCA and ECCA slot length: 20 μs
Whether or not intra and/or inter-RAT detection is assumed: only CCA-ED
Any significant deviations from evaluations methodology and assumptions:





[bookmark: _Ref414616610]Table 3: Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic. Operator A network has only DL traffic and Operator B network has DL and UL traffic with 50/50 split. Each network has 4 eNBs/APs and 20 UEs. The non-replaced Wi-Fi network is operator B. 

	
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%
	13.53
	22.66
	35.01
	49.11
	3.41
	6.5
	19.47
	27.18
	0.26
	0.83
	5.46
	8.06

	
	50%
	53.73
	58.53
	73.95
	78.99
	28.7
	31.5
	60.68
	63.1
	10.41
	11.61
	33.47
	33.71

	
	95%
	88.39
	86.72
	97.09
	98.64
	70.03
	65.66
	90.16
	88.49
	41.45
	36.89
	69.7
	64.73

	
	Mean
	54.61
	58.31
	72.92
	78.45
	33.67
	34.68
	59.38
	61.48
	15.75
	15.59
	36.45
	35.61

	DL:
Delay CDF
[s]
	5%
	0.036
	0.046
	0.033
	0.041
	0.044
	0.061
	0.037
	0.049
	0.083
	0.062
	0.064
	0.076

	
	50%
	0.268
	0.276
	0.063
	0.081
	0.726
	0.667
	0.097
	0.139
	1.509
	1.2
	0.446
	0.802

	
	95%
	3.137
	2.521
	0.797
	0.708
	7.315
	5.458
	2.451
	2.117
	9.243
	7.525
	5.175
	4.744

	
	Mean
	0.848
	0.73
	0.209
	0.207
	1.901
	1.583
	0.549
	0.536
	2.91
	2.358
	1.337
	1.537

	UL:
UPT CDF
[Mbps]
	5%
	12.41
	N/A
	31.97
	N/A
	3.12
	N/A
	13.96
	N/A
	0.23
	N/A
	3.33
	N/A

	
	50%
	51.93
	N/A
	71.75
	N/A
	26.93
	N/A
	58.26
	N/A
	9.45
	N/A
	31.6
	N/A

	
	95%
	85.56
	N/A
	96.96
	N/A
	65.97
	N/A
	88.99
	N/A
	40.91
	N/A
	68.86
	N/A

	
	Mean
	52.95
	N/A
	70.78
	N/A
	31.83
	N/A
	57.18
	N/A
	15.18
	N/A
	34.9
	N/A

	UL:
Delay CDF
[s]
	5%
	0.043
	N/A
	0.033
	N/A
	0.067
	N/A
	0.036
	N/A
	0.117
	N/A
	0.048
	N/A

	
	50%
	0.289
	N/A
	0.067
	N/A
	0.757
	N/A
	0.102
	N/A
	1.466
	N/A
	0.413
	N/A

	
	95%
	2.738
	N/A
	0.737
	N/A
	5.869
	N/A
	2.049
	N/A
	7.792
	N/A
	4.106
	N/A

	
	Mean
	0.802
	N/A
	0.207
	N/A
	1.692
	N/A
	0.506
	N/A
	2.611
	N/A
	1.158
	N/A

	𝜌DL
	0.93
	0.91
	0.99
	0.99
	0.83
	0.77
	0.96
	0.96
	0.66
	0.57
	0.86
	0.8

	𝜌UL
	0.93
	N/A
	0.99
	N/A
	0.83
	N/A
	0.96
	N/A
	0.71
	N/A
	0.88
	N/A

	BO
	0.2
	0.26
	0.08
	0.14
	0.4
	0.46
	0.16
	0.26
	0.6
	0.68
	0.35
	0.52

	𝜆
	0.312156
	0.380604
	0.467709

	Company/tdoc: Ericsson R1-151131 / R1-152107
LBT category: 3
Additional information:
Sensing threshold used: -82 dBm
Whether defer periods are used or not: Yes
CCA and ECCA slot length: 20 μs
Whether or not intra and/or inter-RAT detection is assumed: only CCA-ED
Any significant deviations from evaluations methodology and assumptions:






[bookmark: _Ref414616617]Table 4: Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and Mixed traffic. Operator A network has only DL traffic and Operator B network has DL and UL traffic with 50/50 split. Each network has 4 eNBs/APs and 20 UEs. The non-replaced Wi-Fi network is operator B. 
	
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%
	19.57
	25.72
	35.44
	56.62
	3.82
	6.64
	21.62
	36.43
	0.71
	1.25
	4.47
	8.1

	
	50%
	52.32
	57.73
	74.57
	83.49
	26.27
	29.92
	59.18
	65.58
	9.97
	11.27
	31.65
	34.54

	
	95%
	86.39
	88.17
	98.45
	101.11
	68.42
	66.81
	88.37
	90.01
	46.02
	38.26
	70.04
	68.87

	
	Mean
	54.89
	59.48
	73.96
	83.72
	32.12
	34.39
	59.58
	66.86
	16.57
	16.15
	35.48
	38.18

	DL:
Delay CDF
[s]
	5%
	0.037
	0.05
	0.032
	0.038
	0.043
	0.061
	0.037
	0.048
	0.064
	0.074
	0.061
	0.085

	
	50%
	0.321
	0.289
	0.073
	0.09
	0.78
	0.676
	0.194
	0.268
	1.443
	1.217
	0.507
	0.721

	
	95%
	3.377
	2.627
	0.868
	0.424
	6.918
	5.568
	2.396
	1.728
	9.358
	7.875
	5.033
	4.92

	
	Mean
	0.981
	0.792
	0.216
	0.164
	2.034
	1.676
	0.608
	0.574
	2.937
	2.483
	1.412
	1.569

	UL:
UPT CDF
[Mbps]
	5%
	14.98
	N/A
	28.79
	N/A
	2.27
	N/A
	16.94
	N/A
	0.48
	N/A
	3.37
	N/A

	
	50%
	50.18
	N/A
	70.05
	N/A
	24.71
	N/A
	54.77
	N/A
	8.68
	N/A
	28.76
	N/A

	
	95%
	84.14
	N/A
	95.42
	N/A
	64.91
	N/A
	86.22
	N/A
	40.98
	N/A
	68.5
	N/A

	
	Mean
	51.9
	N/A
	69.85
	N/A
	30
	N/A
	56.19
	N/A
	15.05
	N/A
	33.61
	N/A

	UL:
Delay CDF
[s]
	5%
	0.037
	N/A
	0.034
	N/A
	0.044
	N/A
	0.037
	N/A
	0.077
	N/A
	0.052
	N/A

	
	50%
	0.324
	N/A
	0.084
	N/A
	0.833
	N/A
	0.22
	N/A
	1.67
	N/A
	0.558
	N/A

	
	95%
	3.593
	N/A
	0.692
	N/A
	7.047
	N/A
	2.087
	N/A
	8.802
	N/A
	4.94
	N/A

	
	Mean
	0.929
	N/A
	0.195
	N/A
	1.951
	N/A
	0.575
	N/A
	2.908
	N/A
	1.42
	N/A

	VoIP outage
	    0.49
	N/A
	0.2
	N/A
	    0.70
	N/A
	0.37
	N/A
	0.84
	N/A
	0.64
	N/A

	VoIP outage(DL)
	    0.44
	N/A
	0.19
	N/A
	    0.64
	N/A
	0.35
	N/A
	0.83
	N/A
	0.61
	N/A

	VoIP outage(UL)
	    0.17
	N/A
	0.03
	N/A
	    0.28
	N/A
	0.11
	N/A
	0.32
	N/A
	0.27
	N/A

	𝜌DL
	0.93
	0.92
	0.99
	0.99
	0.82
	0.79
	0.96
	0.95
	0.66
	0.62
	0.85
	0.84

	𝜌UL
	0.94
	N/A
	0.99
	N/A
	0.84
	N/A
	0.96
	N/A
	0.72
	N/A
	0.87
	N/A

	BO
	0.2
	0.23
	0.07
	0.09
	0.4
	0.44
	0.16
	0.21
	0.6
	0.64
	0.38
	0.47

	𝜆
	0.243565
	0.308733
	0.384522

	Company/tdoc: Ericsson R1-151131 / R1-152107
LBT category: 3
Additional information:
Sensing threshold used: -82 dBm
Whether defer periods are used or not: Yes
CCA and ECCA slot length: 20 μs
Whether or not intra and/or inter-RAT detection is assumed: only CCA-ED
Any significant deviations from evaluations methodology and assumptions:



Discussion
The results presented here provide an overview on the coexistence of DL-only LAA with a Wi-Fi network that carries both DL and UL traffic. The system performance results clearly show that not only does DL-only LAA coexists in a fair manner with Wi-Fi but also boosts Wi-Fi performance as compared to the case where two Wi-Fi networks coexist with each other. Some of the major elements which make LAA a good neighbor to Wi-Fi in the unlicensed band where both technologies have to share the medium are listed below:
· LTE, as compared to Wi-Fi, enjoys more robust interference mitigation, error correction and retransmission schemes which results in greater efficiency in serving the traffic and reducing resource utilization thus providing more opportunities for other systems to access the medium.
· LAA uses the same sensing threshold irrespective of transmissions from LAA or Wi-Fi nodes as opposed to Wi-Fi which uses a higher sensing threshold for LAA as compared to Wi-Fi.
· The LBT algorithm is a load based algorithm with freeze periods that provides lots of opportunities for Wi-Fi nodes to access the channel. 
Overall, the results show that DL-only LAA does not degrade VoIP and FTP performance of a co-existing UL+DL Wi-Fi network when it is used instead of another Wi-Fi network for the evaluated scenarios. However another interesting behavior is observed due to the unbalanced DL and UL traffic in coexisting networks which is explained in the following: 
· The Wi-Fi network with both DL and UL traffic (and consequently more nodes contending for channel access) manages to achieve higher served traffic even when the offered load is the same as the other Wi-Fi network with only DL traffic (and consequently fewer nodes contending for channel access). 
· As one of the Wi-Fi networks attempts to serve more and more UL traffic, the performance of the other Wi-Fi network becomes more and more severely degraded, which can be clearly observed in the “bending back” of the served traffic for the Operator A network. This degradation increases as the traffic split shifts towards increased UL traffic in the Wi-Fi network with bidirectional traffic.
· The Wi-Fi network with both DL and UL traffic manages to achieve higher served traffic than the DL-only LAA network when the offered loads to both networks are identical. 
· As the Wi-Fi network attempts to serve more and more UL traffic, the LAA network performance becomes more and more severely depressed.
Based on the above discussion, we can arrive at the following observation from these evaluation results:
Observation:
· A DL-only LAA operating a Category 3 LBE LBT algorithm can coexist with a UL+DL Wi-Fi network serving FTP and VoIP traffic.
· A network with few nodes contending for channel access is found to be able to serve much lower traffic than a co-channel Wi-Fi network with more nodes contending for channel access even with identical offered loads for both networks. The disparity in served traffic increases with the difference between the numbers of nodes contending for channel access in the two networks.
More insights are provided in our companion contribution [6].
Conclusions
In this contribution, we report coexistence evaluation results for DL-only LAA for indoor deployments when the Wi-Fi network supports both UL and DL traffic where FTP and VoIP traffic can be served in either direction. In these evaluations, LAA is not utilizing the licensed band carrier. We have also provided simulation results for different DL and UL traffic split in the UL+DL Wi-Fi network.
Based on the simulation results, we make the following observations:
Observations:
· A DL-only LAA operating a Category 3 LBE LBT algorithm can coexist with a UL+DL Wi-Fi network serving FTP and VoIP traffic.
· A network with few nodes contending for channel access is found to be able to serve much lower traffic than a co-channel Wi-Fi network with more nodes contending for channel access even with identical offered loads for both networks. The disparity in served traffic increases with the difference between the numbers of nodes contending for channel access in the two networks.
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[bookmark: _Ref414615454]Appendix
Annex A: Coexistence Evaluation Assumptions
The simulation assumptions are based on the agreed coexistence assumptions in [5]. However our preferences on the assumptions that remained optional or need clarifications when results are presented are provided below. In all the indoor coexistence evaluations, the transmit power of the base station in the unlicensed band is assumed to be 18 dBm. Moreover, FTP model 3 is used for generating FTP traffic.
Additionally, the LBT algorithm used for LAA is based on the proposed load-based algorithm presented in [3] that an LBE LBT algorithm can optionally use, where the LAA CCA starts and resumes at the subframe boundaries. In more detail, if LBT succeeds before the 4th OFDM symbol in a subframe, the channel is occupied by the LAA node by initial signals until the 4th OFDM symbol and then followed by data transmission from the 4th OFDM symbol in that subframe. If the LBT fails by the 4th OFDM symbol in a subframe, the random backoff counter is frozen and the CCA is deferred to the next subframe boundary for a freeze period of 11 OFDM symbol where the CCA count down is resumed. A maximum channel occupancy time of 4ms is assumed for LAA. Finally, Table 5 and Table 6 capture our assumptions for Wi-Fi and LAA systems.
[bookmark: _Ref414616232][bookmark: _Ref414668832]Table 5: Additional Wi-Fi system evaluation assumptions
	Parameter
	Value

	MCS
	802.11ac MCS table with 256 QAM 

	Antenna configuration		
	2Tx2Rx in DL, Cross-polarized 
Baseline: open loop 2x2 MIMO

	Channel coding
	LDPC

	Frame aggregation
	A-MPDU

	MPDU size
	1500B MSDU + 14 B header

	Max PPDU duration
	Baseline:< 4 ms 
(Asynchronous to LTE timing)

	MAC
	Coordination
	EDCA

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	No

	
	Contention window
	Per 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
	For the DL-only LAA coexistence evaluations:
· DL traffic only for the replaced Wi-Fi netwrok
· DL and UL for the non-replaced Wi-Fi network 

	Rate control
	Minstrel algorithm

	Channel selection
	Based on the minimum interference level while ensuring that each unlicensed carrier is shared by two operators in each cluster

	OFDM symbol length
	4 micro second



[bookmark: _Ref414616236]Table 6: Additional LAA system evaluations assumptions
	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration	
	2Tx2Rx in DL, Cross-polarized. 

	Transmission schemes
	Open loop 2x2 MIMO based on TM10, QPSK/16QAM/64QAM/256QAM

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

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED
	-82 dBm

	Channel selection
	Based on the minimum interference level while ensuring that each unlicensed carrier is shared by two operators in each cluster

	Cyclic Prefix
	Normal



Annex B: Additional Coexistence Evaluation Results
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Figure 5: Ratio of DL served traffic over the offered traffic and DL and UL buffer occupancy for the case with 80/20 DL and UL traffic split
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Figure 6: Ratio of DL served traffic over the offered traffic and DL and UL buffer occupancy for the case with 50/50 DL and UL traffic split 
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