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1. Introduction

In the last RAN1 #79 meeting, LAA evaluation assumptions and methodologies for the co-existence performance evaluation were discussed and agreed. In this contribution, some initial co-existence evaluation results are provided according to the agreed assumptions.
2. Simulation scenarios and assumptions
Six groups of simulation cases, distinguished by different <WIFI CCA mode, WIFI TXOP, LAA q> parameters, are evaluated for the outdoor deployment scenario, i.e., 
· Case 1: WiFI with dual CCA threshold, and with LAA q = 10, WIFI TXOP = 4ms

· Case 2: WiFI with dual CCA threshold, and with LAA q = 24, WIFI TXOP = 4ms

· Case 3: WiFI with dual CCA threshold, and with LAA q = 24, WIFI TXOP = 10ms

· Case 4: WiFI with single CCA threshold, and with LAA q = 10, WIFI TXOP = 4ms

· Case 5: WiFI with single CCA threshold, and with LAA q = 24, WIFI TXOP = 4ms

· Case 6: WiFI with single CCA threshold, and with LAA q = 24, WIFI TXOP = 10ms

Noted that: each group of simulation case consists of three coexistence scenarios:
· Operator A deploys WIFI and operator B deploys WIFI
· Operator A deploys WIFI  and operator B deploys LAA
· Operator A deploys LAA and operator B deploys LAA
Noted that: 
· WiFI with dual CCA threshold means that both of CCA-ED threshold and CCA-CS threshold are used, where CCA-ED threshold = -62dBm, and CCA-CS threshold = -82dBm;
· WiFI with single CCA threshold means that only CCA-ED threshold is used for WIFI, where CCA-ED threshold = -62dBm
Noted that: the maximum channel occupancy time for LAA-LTE (denoted as LAA TXOP) shall be less than (13/32) × q ms, considering regulation restrictions. Therefore,
· LAA q = 10 is corresponding to LAA TXOP = 4ms
· LAA q = 24 is corresponding to LAA TXOP = 10ms
Six kinds of performance metrics are suggested as follows and compared through simulations:
· Average User Perceived Throughput (UPT)
· Average Latency
· Buffer Occupancy Ratio (BO), is defined as [1] , 
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· Congestion Condition (CC), is defined as [3] 
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 sum of  period  during  which ith  small  cell  expected  to be transmit  but  can not  be used  
due to performing  sensing  or  the occupying  of  other  nodes 
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· R12 Resource Utilization (RU1), is defined as 
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Number  of  RB per  cell  used  by traffic during  observation time
Total  number  of  RB per  cell  available for  traffic over  observation time
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· Modified RU proposed by DoCoMo (RU2), is defined as [2] 
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Occupied resource ratio+Channel idle time
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Table 1 summarizes all the above simulation cases and performance metrics as follows,
Table 1 Summary of simulation cases 
	Metrics
	Simulation cases

	
	WIFI with dual CCA threshold, 

where ThCCA-ED =-62dBm, THCCA-CS=-82dBm
	WIFI with single CCA threshold, 

where only -62dBm CCA-ED threshold is used

	
	<q,TXOPWIFI>
	<q,TXOPWIFI>

	
	<10,4ms>
	<24,4ms>
	<24,10ms>
	<10,4ms>
	<24,4ms>
	<24,10ms>

	Average UPT (Mbps)
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Average Latency (s)
	
	
	
	
	
	

	Buffer Occupancy Ratio (BO) 
	
	
	
	
	
	

	Congestion Condition (CC) 
	
	
	
	
	
	

	R12 Resource Utilization (RU1) 
	
	
	
	
	
	

	Modified RU proposed by DoCoMo (RU2)
	
	
	
	
	
	


3. Simulation results
	Average UPT 

	<q,WIFI TXOP>
	WIFI with dual CCA threshold
	WIFI with single CCA threshold

	<10,4ms>
	[image: image5.emf]
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WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:    34.25   12.74    3.84    2.03    1.42    1.13    0.87    0.73    0.62    0.55
#2:    34.56   13.02    4.39    2.41    1.83    1.45    1.16    0.96    0.84    0.67
#3:    38.75   16.41    5.77    3.00    2.06    1.48    1.22    0.98    0.76    0.69



#4:    46.78   39.92   31.22   17.39    6.77    3.39    2.32    1.78    1.36    1.17
#2/#1(%):  100.89  102.19  114.59  118.75  129.21  127.60  134.18  131.56  134.61  123.06



Average UPT (Mbps) for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA
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Case 6


Figure 1 Average UPT (Mbps) vs. Packet arrive rate (#/s/UE)
It’s noted that for LAA-LTE and WIFI co-existence scenarios, 
· In the dual CCA threshold  mode, the UPT performance of WIFI co-existence with LAA-LTE is slightly better that co-existence with another WIFI system in most cases
· While in the single CCA threshold mode, the UPT performance of WIFI co-existence with LAA-LTE may be a little worse that co-existence with another WIFI system in many cases, especially in medium to high load region.
It can be observed that 
· The CCA detection parameters  of WIFI system will have un-neglected  impacts on the WIFI co-existence performance.
The main reasons may rely on the fact that:
· Dual CCA threshold mode will bring the WIFI system more contention opportunities to access unlicensed channel when it co-existence with the LAA system. For an example, a victim WIFI AP receives an interference signal level about -70dBm, it may have two possible actions:
· If the interference signal comes from another WIFI AP, the victim WIFI AP can recognize  this kind of interference with CCA Coherent Signal Detection (e.g., CCA-CS threshold = -82dBm), and it asserts that the channel is busy, and then will suspend its transmission. 
· If the interference signal comes from a LAA-LTE AP, the victim WIFI AP may be unable to recognize this kind of interference since the cumulative interference power may still less than the CCA Energy Detection threshold (e.g., CCA-ED threshold = -62dBm). In this case, the victim WIFI AP may assert that the channel is idle, and then continue its transmission.
· It is also obvious that more access opportunities will bring a larger interference, since more than one WIFI AP and LAA-LTE AP are transmitting at the same time, and they would cause the interference to each other.
· Simulation  results showed that the benefits from the more contention opportunities  will outcome the disadvantage of additional interference effect, so that the dual CCA threshold mode can bring performance benefits to the WIFI system when it’s co-existent with the LAA system.
Note that:
· If we try to shorten the interval between the CCA-ED threshold and the CCA-CS threshold for the WIFI system, the UPT performance of WIFI might be degraded.
Proposal 1: Different parameter configuration, e.g., CCA-ED threshold and CCA-CS threshold, will have un-neglected impacts on the WIFI co-existence performance; therefore, it should further study the typical WIFI parameter configuration for dual CCA mode and single CCA mode, and then provide more comprehensive evaluation results.

· The case of CCA-ED threshold equal to -72dBm should be evaluated at least.
	Average Latency

	<q,WIFI TXOP>
	WIFI with dual CCA threshold
	WIFI with single CCA threshold

	<10,4ms>
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LAA: q = 10, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:     0.26    1.03    2.55    3.56    4.32    4.77    5.28    5.62    5.76    6.01
#2:     0.31    1.24    2.61    3.51    3.97    4.36    4.62    4.80    4.97    5.43
#3:     0.29    0.73    1.38    2.15    2.58    2.95    3.39    3.70    4.13    4.44
#4:     0.23    0.29    0.41    0.73    1.38    1.95    2.33    2.70    2.98    3.17



#2/#1(%):  120.45  120.82  102.05   98.73   91.81   91.39   87.44   85.50   86.24   90.27



Average Latency (s) for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = -82dBm

DataMtx = 

#1:     0.26    1.03    2.55    3.56    4.32    4.77    5.28    5.62    5.76    6.01

#2:     0.31    1.24    2.61    3.51    3.97    4.36    4.62    4.80    4.97    5.43

#3:     0.29    0.73    1.38    2.15    2.58    2.95    3.39    3.70    4.13    4.44

#4:     0.23    0.29    0.41    0.73    1.38    1.95    2.33    2.70    2.98    3.17

#2/#1(%):  120.45  120.82  102.05   98.73   91.81   91.39   87.44   85.50   86.24   90.27

Average Latency (s) for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 1
	[image: image12.emf]
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 = 20s, P = 0.5MByte
LAA: q = 10, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = 1 dBm



DataMtx = 
#1:     0.61    1.41    2.27    2.94    3.50    3.88    4.32    4.66    4.90    5.11
#2:     0.45    1.43    2.58    3.49    3.97    4.33    4.53    4.67    5.02    5.39
#3:     0.29    0.75    1.55    2.31    2.88    3.24    3.65    3.92    4.36    4.67
#4:     0.23    0.29    0.41    0.73    1.38    1.95    2.33    2.70    2.98    3.17



#2/#1(%):   74.29  101.82  113.66  118.65  113.42  111.37  104.84  100.17  102.58  105.49



Average Latency (s) for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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LAA: q = 10, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = 

1

 dBm

DataMtx = 

#1:     0.61    1.41    2.27    2.94    3.50    3.88    4.32    4.66    4.90    5.11

#2:     0.45    1.43    2.58    3.49    3.97    4.33    4.53    4.67    5.02    5.39

#3:     0.29    0.75    1.55    2.31    2.88    3.24    3.65    3.92    4.36    4.67

#4:     0.23    0.29    0.41    0.73    1.38    1.95    2.33    2.70    2.98    3.17

#2/#1(%):   74.29  101.82  113.66  118.65  113.42  111.37  104.84  100.17  102.58  105.49

Average Latency (s) for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 4

	<24,4ms>
	[image: image13.emf]
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 = 20s, P = 0.5MByte
LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:     0.26    1.03    2.55    3.56    4.32    4.77    5.28    5.62    5.76    6.01
#2:     0.31    1.07    2.45    3.42    3.84    4.34    4.58    4.72    4.89    5.36
#3:     0.23    0.51    0.97    1.50    2.04    2.29    2.70    2.95    3.38    3.62
#4:     0.13    0.20    0.25    0.38    0.80    1.36    1.81    2.16    2.51    2.73



#2/#1(%):  118.77  104.12   96.09   96.15   88.92   90.90   86.64   83.99   84.81   89.13



Average Latency (s) for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = -82dBm

DataMtx = 

#1:     0.26    1.03    2.55    3.56    4.32    4.77    5.28    5.62    5.76    6.01

#2:     0.31    1.07    2.45    3.42    3.84    4.34    4.58    4.72    4.89    5.36

#3:     0.23    0.51    0.97    1.50    2.04    2.29    2.70    2.95    3.38    3.62

#4:     0.13    0.20    0.25    0.38    0.80    1.36    1.81    2.16    2.51    2.73

#2/#1(%):  118.77  104.12   96.09   96.15   88.92   90.90   86.64   83.99   84.81   89.13

Average Latency (s) for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 2
	[image: image14.emf]


Packet Arrival Rate (per s per UE)
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LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = 1 dBm



DataMtx = 
#1:     0.61    1.41    2.27    2.94    3.50    3.88    4.32    4.66    4.90    5.11
#2:     0.47    1.25    2.53    3.48    3.96    4.35    4.70    4.82    5.04    5.52
#3:     0.24    0.51    1.10    1.67    2.18    2.58    2.87    3.14    3.63    3.82
#4:     0.13    0.20    0.25    0.38    0.80    1.36    1.81    2.16    2.51    2.73



#2/#1(%):   77.15   88.69  111.33  118.16  113.24  112.10  108.85  103.49  103.01  108.03



Average Latency (s) for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = 

1

 dBm

DataMtx = 

#1:     0.61    1.41    2.27    2.94    3.50    3.88    4.32    4.66    4.90    5.11

#2:     0.47    1.25    2.53    3.48    3.96    4.35    4.70    4.82    5.04    5.52

#3:     0.24    0.51    1.10    1.67    2.18    2.58    2.87    3.14    3.63    3.82

#4:     0.13    0.20    0.25    0.38    0.80    1.36    1.81    2.16    2.51    2.73

#2/#1(%):   77.15   88.69  111.33  118.16  113.24  112.10  108.85  103.49  103.01  108.03

Average Latency (s) for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 5

	<24,10ms>
	[image: image15.emf]


Packet Arrival Rate (per s per UE)
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ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 10ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:     0.24    0.99    2.48    3.51    4.30    4.73    5.23    5.62    5.77    5.98
#2:     0.26    0.94    2.19    3.03    3.48    3.89    4.34    4.51    4.66    5.20
#3:     0.22    0.55    1.27    1.94    2.36    2.68    3.12    3.39    3.78    4.07
#4:     0.13    0.20    0.25    0.38    0.80    1.36    1.81    2.16    2.51    2.73



#2/#1(%):  110.18   95.03   88.20   86.15   80.97   82.33   83.06   80.32   80.69   86.92



Average Latency (s) for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 10ms, TH

ED

 = -62dBm, TH

CS

 = -82dBm

DataMtx = 

#1:     0.24    0.99    2.48    3.51    4.30    4.73    5.23    5.62    5.77    5.98

#2:     0.26    0.94    2.19    3.03    3.48    3.89    4.34    4.51    4.66    5.20

#3:     0.22    0.55    1.27    1.94    2.36    2.68    3.12    3.39    3.78    4.07

#4:     0.13    0.20    0.25    0.38    0.80    1.36    1.81    2.16    2.51    2.73

#2/#1(%):  110.18   95.03   88.20   86.15   80.97   82.33   83.06   80.32   80.69   86.92

Average Latency (s) for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 3
	[image: image16.emf]


Packet Arrival Rate (per s per UE)
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LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 10ms, TH
ED



 = -62dBm, TH
CS



 = 1 dBm



DataMtx = 
#1:     0.55    1.42    2.26    2.93    3.50    3.90    4.35    4.66    4.87    5.14
#2:     0.36    1.07    2.03    2.90    3.33    3.72    4.13    4.20    4.52    4.87
#3:     0.24    0.64    1.47    2.26    2.74    3.22    3.54    3.93    4.23    4.55
#4:     0.13    0.20    0.25    0.38    0.80    1.36    1.81    2.16    2.51    2.73



#2/#1(%):   64.70   74.87   89.99   99.16   95.20   95.58   94.95   90.29   92.97   94.60



Average Latency (s) for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte

LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 10ms, TH

ED

 = -62dBm, TH

CS

 = 

1

 dBm

DataMtx = 

#1:     0.55    1.42    2.26    2.93    3.50    3.90    4.35    4.66    4.87    5.14

#2:     0.36    1.07    2.03    2.90    3.33    3.72    4.13    4.20    4.52    4.87

#3:     0.24    0.64    1.47    2.26    2.74    3.22    3.54    3.93    4.23    4.55

#4:     0.13    0.20    0.25    0.38    0.80    1.36    1.81    2.16    2.51    2.73

#2/#1(%):   64.70   74.87   89.99   99.16   95.20   95.58   94.95   90.29   92.97   94.60

Average Latency (s) for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 6


Figure 2 Average Latency (s) vs. Packet arrive rate (#/s/UE)
	Buffer Occupancy Ratio (BO)

	<q,WIFI TXOP>
	WIFI with dual CCA threshold
	WIFI with single CCA threshold

	<10,4ms>
	[image: image17.emf]


Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte
LAA: q = 10, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:     0.09    0.38    0.69    0.79    0.84    0.87    0.88    0.90    0.90    0.91
#2:     0.10    0.40    0.67    0.78    0.82    0.85    0.87    0.89    0.89    0.90
#3:     0.11    0.24    0.40    0.55    0.63    0.69    0.74    0.77    0.79    0.82
#4:     0.05    0.11    0.17    0.25    0.37    0.49    0.57    0.61    0.65    0.70



#2/#1(%):  111.53  105.71   97.89   98.35   97.76   98.41   98.58   98.88   98.97   99.10



Average Buffer Occupancy Ratio for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte

LAA: q = 10, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = -82dBm

DataMtx = 

#1:     0.09    0.38    0.69    0.79    0.84    0.87    0.88    0.90    0.90    0.91

#2:     0.10    0.40    0.67    0.78    0.82    0.85    0.87    0.89    0.89    0.90

#3:     0.11    0.24    0.40    0.55    0.63    0.69    0.74    0.77    0.79    0.82

#4:     0.05    0.11    0.17    0.25    0.37    0.49    0.57    0.61    0.65    0.70

#2/#1(%):  111.53  105.71   97.89   98.35   97.76   98.41   98.58   98.88   98.97   99.10

Average Buffer Occupancy Ratio for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 1
	[image: image18.emf]


Packet Arrival Rate (per s per UE)
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LAA: q = 10, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = 1 dBm



DataMtx = 
#1:     0.16    0.45    0.65    0.74    0.80    0.83    0.85    0.87    0.88    0.89
#2:     0.13    0.44    0.67    0.77    0.81    0.84    0.86    0.88    0.89    0.90
#3:     0.11    0.25    0.43    0.57    0.67    0.72    0.76    0.79    0.81    0.83
#4:     0.05    0.11    0.17    0.25    0.37    0.49    0.57    0.61    0.65    0.70



#2/#1(%):   82.08   96.97  103.38  103.43  102.32  101.86  101.16  100.91  100.92  100.95



Average Buffer Occupancy Ratio for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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LAA: q = 10, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = 

1

 dBm

DataMtx = 

#1:     0.16    0.45    0.65    0.74    0.80    0.83    0.85    0.87    0.88    0.89

#2:     0.13    0.44    0.67    0.77    0.81    0.84    0.86    0.88    0.89    0.90

#3:     0.11    0.25    0.43    0.57    0.67    0.72    0.76    0.79    0.81    0.83

#4:     0.05    0.11    0.17    0.25    0.37    0.49    0.57    0.61    0.65    0.70

#2/#1(%):   82.08   96.97  103.38  103.43  102.32  101.86  101.16  100.91  100.92  100.95

Average Buffer Occupancy Ratio for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 4

	<24,4ms>
	[image: image19.emf]
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T
SIM



 = 20s, P = 0.5MByte
LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:     0.09    0.38    0.69    0.79    0.84    0.87    0.88    0.90    0.90    0.91
#2:     0.10    0.36    0.65    0.77    0.82    0.85    0.87    0.88    0.89    0.90
#3:     0.09    0.20    0.33    0.46    0.56    0.63    0.70    0.74    0.76    0.79
#4:     0.03    0.08    0.13    0.18    0.28    0.40    0.50    0.57    0.62    0.66



#2/#1(%):  106.92   94.07   95.18   96.58   97.01   97.69   98.31   98.66   98.84   99.07



Average Buffer Occupancy Ratio for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte

LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = -82dBm

DataMtx = 

#1:     0.09    0.38    0.69    0.79    0.84    0.87    0.88    0.90    0.90    0.91

#2:     0.10    0.36    0.65    0.77    0.82    0.85    0.87    0.88    0.89    0.90

#3:     0.09    0.20    0.33    0.46    0.56    0.63    0.70    0.74    0.76    0.79

#4:     0.03    0.08    0.13    0.18    0.28    0.40    0.50    0.57    0.62    0.66

#2/#1(%):  106.92   94.07   95.18   96.58   97.01   97.69   98.31   98.66   98.84   99.07

Average Buffer Occupancy Ratio for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 2
	[image: image20.emf]
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T
SIM



 = 20s, P = 0.5MByte
LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = 1 dBm



DataMtx = 
#1:     0.16    0.45    0.65    0.74    0.80    0.83    0.85    0.87    0.88    0.89
#2:     0.13    0.40    0.66    0.77    0.82    0.85    0.87    0.88    0.89    0.90
#3:     0.10    0.21    0.35    0.49    0.59    0.67    0.72    0.76    0.79    0.80
#4:     0.03    0.08    0.13    0.18    0.28    0.40    0.50    0.57    0.62    0.66



#2/#1(%):   82.20   88.42  101.49  103.48  102.54  102.26  101.51  101.18  101.25  101.30



Average Buffer Occupancy Ratio for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

B

u

f

f

e

r

 

O

c

c

u

p

a

n

c

y

 

R

a

t

i

o

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

T

SIM

 = 20s, P = 0.5MByte

LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = 

1

 dBm

DataMtx = 

#1:     0.16    0.45    0.65    0.74    0.80    0.83    0.85    0.87    0.88    0.89

#2:     0.13    0.40    0.66    0.77    0.82    0.85    0.87    0.88    0.89    0.90

#3:     0.10    0.21    0.35    0.49    0.59    0.67    0.72    0.76    0.79    0.80

#4:     0.03    0.08    0.13    0.18    0.28    0.40    0.50    0.57    0.62    0.66

#2/#1(%):   82.20   88.42  101.49  103.48  102.54  102.26  101.51  101.18  101.25  101.30

Average Buffer Occupancy Ratio for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 5

	<24,10ms>
	[image: image21.emf]
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SIM



 = 20s, P = 0.5MByte
LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 10ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:     0.09    0.38    0.68    0.79    0.84    0.87    0.88    0.90    0.90    0.91
#2:     0.09    0.34    0.63    0.74    0.80    0.83    0.85    0.87    0.88    0.89
#3:     0.09    0.21    0.39    0.53    0.62    0.68    0.73    0.76    0.79    0.81
#4:     0.03    0.08    0.13    0.18    0.28    0.40    0.50    0.57    0.62    0.66



#2/#1(%):  105.18   91.13   91.50   94.33   94.68   96.00   96.68   97.24   97.76   98.37



Average Buffer Occupancy Ratio for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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SIM

 = 20s, P = 0.5MByte

LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 10ms, TH

ED

 = -62dBm, TH

CS

 = -82dBm

DataMtx = 

#1:     0.09    0.38    0.68    0.79    0.84    0.87    0.88    0.90    0.90    0.91

#2:     0.09    0.34    0.63    0.74    0.80    0.83    0.85    0.87    0.88    0.89

#3:     0.09    0.21    0.39    0.53    0.62    0.68    0.73    0.76    0.79    0.81

#4:     0.03    0.08    0.13    0.18    0.28    0.40    0.50    0.57    0.62    0.66

#2/#1(%):  105.18   91.13   91.50   94.33   94.68   96.00   96.68   97.24   97.76   98.37

Average Buffer Occupancy Ratio for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 3
	[image: image22.emf]
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SIM



 = 20s, P = 0.5MByte
LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 10ms, TH
ED



 = -62dBm, TH
CS



 = 1 dBm



DataMtx = 
#1:     0.16    0.46    0.65    0.75    0.80    0.83    0.85    0.87    0.88    0.89
#2:     0.12    0.37    0.61    0.72    0.78    0.82    0.84    0.86    0.87    0.88
#3:     0.09    0.25    0.44    0.59    0.68    0.73    0.77    0.80    0.82    0.84
#4:     0.03    0.08    0.13    0.18    0.28    0.40    0.50    0.57    0.62    0.66



#2/#1(%):   74.18   81.85   93.48   96.95   98.02   98.43   98.58   98.68   98.76   99.30



Average Buffer Occupancy Ratio for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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SIM

 = 20s, P = 0.5MByte

LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 10ms, TH

ED

 = -62dBm, TH

CS

 = 

1

 dBm

DataMtx = 

#1:     0.16    0.46    0.65    0.75    0.80    0.83    0.85    0.87    0.88    0.89

#2:     0.12    0.37    0.61    0.72    0.78    0.82    0.84    0.86    0.87    0.88

#3:     0.09    0.25    0.44    0.59    0.68    0.73    0.77    0.80    0.82    0.84

#4:     0.03    0.08    0.13    0.18    0.28    0.40    0.50    0.57    0.62    0.66

#2/#1(%):   74.18   81.85   93.48   96.95   98.02   98.43   98.58   98.68   98.76   99.30

Average Buffer Occupancy Ratio for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 6


Figure 3 Buffer Occupancy Ratio (BO) vs. Packet arrive rate (#/s/UE)
	Congestion Condition (CC)

	<q,WIFI TXOP>
	WIFI with dual CCA threshold
	WIFI with single CCA threshold

	<10,4ms>
	[image: image23.emf]


Packet Arrival Rate (per s per UE)
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SIM



 = 20s, P = 0.5MByte
LAA: q = 10, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:     0.05    0.27    0.54    0.64    0.68    0.70    0.72    0.73    0.74    0.74
#2:     0.06    0.28    0.51    0.62    0.66    0.69    0.71    0.72    0.73    0.74
#3:     0.06    0.08    0.14    0.23    0.29    0.33    0.37    0.39    0.41    0.43
#4:     0.03    0.06    0.08    0.09    0.15    0.23    0.29    0.33    0.36    0.40



#2/#1(%):  116.40  103.87   95.36   96.92   96.78   98.36   98.62   99.03   99.37   99.35



Average Congestion Condition for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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SIM

 = 20s, P = 0.5MByte

LAA: q = 10, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = -82dBm

DataMtx = 

#1:     0.05    0.27    0.54    0.64    0.68    0.70    0.72    0.73    0.74    0.74

#2:     0.06    0.28    0.51    0.62    0.66    0.69    0.71    0.72    0.73    0.74

#3:     0.06    0.08    0.14    0.23    0.29    0.33    0.37    0.39    0.41    0.43

#4:     0.03    0.06    0.08    0.09    0.15    0.23    0.29    0.33    0.36    0.40

#2/#1(%):  116.40  103.87   95.36   96.92   96.78   98.36   98.62   99.03   99.37   99.35

Average Congestion Condition for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 1
	[image: image24.emf]


Packet Arrival Rate (per s per UE)
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SIM



 = 20s, P = 0.5MByte
LAA: q = 10, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = 1 dBm



DataMtx = 
#1:     0.11    0.30    0.44    0.51    0.55    0.58    0.60    0.61    0.62    0.63
#2:     0.09    0.30    0.48    0.57    0.61    0.64    0.65    0.66    0.68    0.68
#3:     0.06    0.08    0.17    0.27    0.34    0.38    0.41    0.43    0.45    0.47
#4:     0.03    0.06    0.08    0.09    0.15    0.23    0.29    0.33    0.36    0.40



#2/#1(%):   78.10  100.77  109.76  110.55  109.92  109.86  108.91  108.54  109.18  108.55



Average Congestion Condition for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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SIM

 = 20s, P = 0.5MByte

LAA: q = 10, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = 

1

 dBm

DataMtx = 

#1:     0.11    0.30    0.44    0.51    0.55    0.58    0.60    0.61    0.62    0.63

#2:     0.09    0.30    0.48    0.57    0.61    0.64    0.65    0.66    0.68    0.68

#3:     0.06    0.08    0.17    0.27    0.34    0.38    0.41    0.43    0.45    0.47

#4:     0.03    0.06    0.08    0.09    0.15    0.23    0.29    0.33    0.36    0.40

#2/#1(%):   78.10  100.77  109.76  110.55  109.92  109.86  108.91  108.54  109.18  108.55

Average Congestion Condition for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 4

	<24,4ms>
	[image: image25.emf]


Packet Arrival Rate (per s per UE)
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T
SIM



 = 20s, P = 0.5MByte
LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:     0.05    0.27    0.54    0.64    0.68    0.70    0.72    0.73    0.74    0.74
#2:     0.06    0.24    0.50    0.61    0.66    0.69    0.72    0.73    0.74    0.75
#3:     0.05    0.07    0.10    0.18    0.24    0.29    0.34    0.37    0.39    0.41
#4:     0.01    0.04    0.06    0.07    0.10    0.17    0.25    0.31    0.34    0.38



#2/#1(%):  110.34   91.48   92.79   95.78   97.35   98.85  100.02  100.48  100.98  101.26



Average Congestion Condition for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte

LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = -82dBm

DataMtx = 

#1:     0.05    0.27    0.54    0.64    0.68    0.70    0.72    0.73    0.74    0.74

#2:     0.06    0.24    0.50    0.61    0.66    0.69    0.72    0.73    0.74    0.75

#3:     0.05    0.07    0.10    0.18    0.24    0.29    0.34    0.37    0.39    0.41

#4:     0.01    0.04    0.06    0.07    0.10    0.17    0.25    0.31    0.34    0.38

#2/#1(%):  110.34   91.48   92.79   95.78   97.35   98.85  100.02  100.48  100.98  101.26

Average Congestion Condition for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 2
	[image: image26.emf]


Packet Arrival Rate (per s per UE)
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SIM



 = 20s, P = 0.5MByte
LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = 1 dBm



DataMtx = 
#1:     0.11    0.30    0.44    0.51    0.55    0.58    0.60    0.61    0.62    0.63
#2:     0.09    0.28    0.48    0.58    0.63    0.66    0.68    0.69    0.70    0.71
#3:     0.05    0.08    0.13    0.21    0.28    0.34    0.38    0.41    0.43    0.44
#4:     0.01    0.04    0.06    0.07    0.10    0.17    0.25    0.31    0.34    0.38



#2/#1(%):   79.24   94.17  109.81  113.73  113.42  113.31  112.96  112.71  113.40  112.82



Average Congestion Condition for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte

LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = 

1

 dBm

DataMtx = 

#1:     0.11    0.30    0.44    0.51    0.55    0.58    0.60    0.61    0.62    0.63

#2:     0.09    0.28    0.48    0.58    0.63    0.66    0.68    0.69    0.70    0.71

#3:     0.05    0.08    0.13    0.21    0.28    0.34    0.38    0.41    0.43    0.44

#4:     0.01    0.04    0.06    0.07    0.10    0.17    0.25    0.31    0.34    0.38

#2/#1(%):   79.24   94.17  109.81  113.73  113.42  113.31  112.96  112.71  113.40  112.82

Average Congestion Condition for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 5

	<24,10ms>
	[image: image27.emf]


Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte
LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 10ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:     0.05    0.26    0.53    0.63    0.68    0.70    0.71    0.73    0.73    0.74
#2:     0.05    0.21    0.44    0.55    0.61    0.64    0.66    0.68    0.69    0.70
#3:     0.05    0.08    0.17    0.27    0.33    0.37    0.40    0.43    0.45    0.47
#4:     0.01    0.04    0.06    0.07    0.10    0.17    0.25    0.31    0.34    0.38



#2/#1(%):  105.60   81.34   83.75   88.52   89.83   91.95   93.08   93.82   94.68   95.40



Average Congestion Condition for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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SIM

 = 20s, P = 0.5MByte

LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 10ms, TH

ED

 = -62dBm, TH

CS

 = -82dBm

DataMtx = 

#1:     0.05    0.26    0.53    0.63    0.68    0.70    0.71    0.73    0.73    0.74

#2:     0.05    0.21    0.44    0.55    0.61    0.64    0.66    0.68    0.69    0.70

#3:     0.05    0.08    0.17    0.27    0.33    0.37    0.40    0.43    0.45    0.47

#4:     0.01    0.04    0.06    0.07    0.10    0.17    0.25    0.31    0.34    0.38

#2/#1(%):  105.60   81.34   83.75   88.52   89.83   91.95   93.08   93.82   94.68   95.40

Average Congestion Condition for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 3
	[image: image28.emf]


Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte
LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 10ms, TH
ED



 = -62dBm, TH
CS



 = 1 dBm



DataMtx = 
#1:     0.10    0.29    0.43    0.51    0.55    0.57    0.59    0.60    0.61    0.62
#2:     0.07    0.23    0.39    0.48    0.53    0.56    0.58    0.60    0.61    0.62
#3:     0.05    0.11    0.22    0.34    0.41    0.45    0.48    0.51    0.53    0.55
#4:     0.01    0.04    0.06    0.07    0.10    0.17    0.25    0.31    0.34    0.38



#2/#1(%):   66.78   77.50   91.10   95.77   97.76   98.01   98.52   98.50   98.96   99.32



Average Congestion Condition for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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SIM

 = 20s, P = 0.5MByte

LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 10ms, TH

ED

 = -62dBm, TH

CS

 = 

1

 dBm

DataMtx = 

#1:     0.10    0.29    0.43    0.51    0.55    0.57    0.59    0.60    0.61    0.62

#2:     0.07    0.23    0.39    0.48    0.53    0.56    0.58    0.60    0.61    0.62

#3:     0.05    0.11    0.22    0.34    0.41    0.45    0.48    0.51    0.53    0.55

#4:     0.01    0.04    0.06    0.07    0.10    0.17    0.25    0.31    0.34    0.38

#2/#1(%):   66.78   77.50   91.10   95.77   97.76   98.01   98.52   98.50   98.96   99.32

Average Congestion Condition for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 6


Figure 4 Congestion Condition (CC) vs. Packet arrive rate (#/s/UE)
	R12 Resource Utilization (RU1) 

	<q,WIFI TXOP>
	WIFI with dual CCA threshold
	WIFI with single CCA threshold

	<10,4ms>
	[image: image29.emf]
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 = 20s, P = 0.5MByte
LAA: q = 10, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:     0.04    0.11    0.15    0.16    0.16    0.16    0.17    0.17    0.17    0.17
#2:     0.04    0.13    0.16    0.16    0.16    0.16    0.16    0.16    0.16    0.16
#3:     0.05    0.16    0.26    0.31    0.34    0.36    0.37    0.38    0.38    0.38
#4:     0.02    0.05    0.09    0.16    0.22    0.26    0.28    0.29    0.29    0.30



#2/#1(%):  105.16  110.04  107.06  104.11  101.87   98.63   98.40   98.24   97.19   98.00



Average RU
1
 (OccupancyTime / T



sim
) for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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SIM

 = 20s, P = 0.5MByte

LAA: q = 10, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = -82dBm

DataMtx = 

#1:     0.04    0.11    0.15    0.16    0.16    0.16    0.17    0.17    0.17    0.17

#2:     0.04    0.13    0.16    0.16    0.16    0.16    0.16    0.16    0.16    0.16

#3:     0.05    0.16    0.26    0.31    0.34    0.36    0.37    0.38    0.38    0.38

#4:     0.02    0.05    0.09    0.16    0.22    0.26    0.28    0.29    0.29    0.30

#2/#1(%):  105.16  110.04  107.06  104.11  101.87   98.63   98.40   98.24   97.19   98.00

Average RU

1

 (OccupancyTime / T

sim

) for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 1
	[image: image30.emf]


Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte
LAA: q = 10, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = 1 dBm



DataMtx = 
#1:     0.05    0.15    0.21    0.23    0.24    0.25    0.25    0.26    0.26    0.26
#2:     0.04    0.14    0.19    0.20    0.21    0.21    0.21    0.21    0.21    0.22
#3:     0.05    0.16    0.26    0.30    0.33    0.34    0.35    0.35    0.36    0.36
#4:     0.02    0.05    0.09    0.16    0.22    0.26    0.28    0.29    0.29    0.30



#2/#1(%):   91.83   89.48   89.97   87.74   85.03   83.19   82.88   82.71   81.24   82.66



Average RU
1
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) for outdoor scenario



#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte

LAA: q = 10, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = 

1

 dBm

DataMtx = 

#1:     0.05    0.15    0.21    0.23    0.24    0.25    0.25    0.26    0.26    0.26

#2:     0.04    0.14    0.19    0.20    0.21    0.21    0.21    0.21    0.21    0.22

#3:     0.05    0.16    0.26    0.30    0.33    0.34    0.35    0.35    0.36    0.36

#4:     0.02    0.05    0.09    0.16    0.22    0.26    0.28    0.29    0.29    0.30

#2/#1(%):   91.83   89.48   89.97   87.74   85.03   83.19   82.88   82.71   81.24   82.66

Average RU

1

 (OccupancyTime / T

sim

) for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 4

	<24,4ms>
	[image: image31.emf]


Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte
LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:     0.04    0.11    0.15    0.16    0.16    0.16    0.17    0.17    0.17    0.17
#2:     0.04    0.11    0.15    0.16    0.15    0.15    0.15    0.15    0.15    0.15
#3:     0.04    0.13    0.23    0.29    0.32    0.34    0.36    0.37    0.37    0.38
#4:     0.02    0.04    0.07    0.12    0.18    0.23    0.25    0.27    0.28    0.28



#2/#1(%):  102.46  100.13  103.82   99.82   95.57   92.72   90.87   90.69   89.39   89.42



Average RU
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#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte

LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = -82dBm

DataMtx = 

#1:     0.04    0.11    0.15    0.16    0.16    0.16    0.17    0.17    0.17    0.17

#2:     0.04    0.11    0.15    0.16    0.15    0.15    0.15    0.15    0.15    0.15

#3:     0.04    0.13    0.23    0.29    0.32    0.34    0.36    0.37    0.37    0.38

#4:     0.02    0.04    0.07    0.12    0.18    0.23    0.25    0.27    0.28    0.28

#2/#1(%):  102.46  100.13  103.82   99.82   95.57   92.72   90.87   90.69   89.39   89.42

Average RU

1

 (OccupancyTime / T

sim

) for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 2
	[image: image32.emf]


Packet Arrival Rate (per s per UE)
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SIM



 = 20s, P = 0.5MByte
LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 4ms, TH
ED



 = -62dBm, TH
CS



 = 1 dBm



DataMtx = 
#1:     0.05    0.15    0.21    0.23    0.24    0.25    0.25    0.26    0.26    0.26
#2:     0.04    0.12    0.18    0.19    0.19    0.19    0.19    0.19    0.19    0.19
#3:     0.04    0.13    0.23    0.28    0.31    0.33    0.34    0.35    0.36    0.36
#4:     0.02    0.04    0.07    0.12    0.18    0.23    0.25    0.27    0.28    0.28



#2/#1(%):   89.46   77.09   84.04   80.88   77.81   76.46   74.53   73.67   72.29   73.57



Average RU
1
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#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte

LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 4ms, TH

ED

 = -62dBm, TH

CS

 = 

1

 dBm

DataMtx = 

#1:     0.05    0.15    0.21    0.23    0.24    0.25    0.25    0.26    0.26    0.26

#2:     0.04    0.12    0.18    0.19    0.19    0.19    0.19    0.19    0.19    0.19

#3:     0.04    0.13    0.23    0.28    0.31    0.33    0.34    0.35    0.36    0.36

#4:     0.02    0.04    0.07    0.12    0.18    0.23    0.25    0.27    0.28    0.28

#2/#1(%):   89.46   77.09   84.04   80.88   77.81   76.46   74.53   73.67   72.29   73.57

Average RU

1

 (OccupancyTime / T

sim

) for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA

#3: LAA: co-exists with WIFI

#4: LAA: co-exists with LAA


Case 5

	<24,10ms>
	[image: image33.emf]


Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte
LAA: q = 24, TH



ED
 = -60dBm, TimeSlot = 20us



WIFI: CW
MAX



 = 1023, TXOP = 10ms, TH
ED



 = -62dBm, TH
CS



 = -82dBm



DataMtx = 
#1:     0.04    0.12    0.15    0.16    0.17    0.17    0.17    0.17    0.17    0.17
#2:     0.04    0.13    0.18    0.19    0.19    0.19    0.19    0.19    0.19    0.19
#3:     0.04    0.14    0.22    0.27    0.29    0.31    0.32    0.33    0.33    0.34
#4:     0.02    0.04    0.07    0.12    0.18    0.23    0.25    0.27    0.28    0.28



#2/#1(%):  104.73  113.11  118.45  116.90  114.53  112.94  111.88  111.78  110.89  111.05



Average RU
1
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#1: WIFI: co-exists with WIFI
#2: WIFI: co-exists with LAA
#3: LAA: co-exists with WIFI
#4: LAA: co-exists with LAA










Packet Arrival Rate (per s per UE)
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 = 20s, P = 0.5MByte

LAA: q = 24, TH

ED

 = -60dBm, TimeSlot = 20us

WIFI: CW

MAX

 = 1023, TXOP = 10ms, TH

ED

 = -62dBm, TH

CS

 = -82dBm

DataMtx = 

#1:     0.04    0.12    0.15    0.16    0.17    0.17    0.17    0.17    0.17    0.17

#2:     0.04    0.13    0.18    0.19    0.19    0.19    0.19    0.19    0.19    0.19

#3:     0.04    0.14    0.22    0.27    0.29    0.31    0.32    0.33    0.33    0.34

#4:     0.02    0.04    0.07    0.12    0.18    0.23    0.25    0.27    0.28    0.28

#2/#1(%):  104.73  113.11  118.45  116.90  114.53  112.94  111.88  111.78  110.89  111.05

Average RU

1

 (OccupancyTime / T

sim

) for outdoor scenario

#1: WIFI: co-exists with WIFI

#2: WIFI: co-exists with LAA
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Case 6


Figure 5 R12 Resource Utilization (RU1) vs. Packet arrive rate (#/s/UE)

	Modified RU proposed by DoCoMo (RU2)

	<q,WIFI TXOP>
	WIFI with dual CCA threshold
	WIFI with single CCA threshold

	<10,4ms>
	[image: image35.emf]
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	<24,4ms>
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Case 6


Figure 6 Modified RU (RU2) vs. Packet arrive rate (#/s/UE)

4. Conclusions 

In this contribution, we presented initial co-existence evaluations of LAA-LTE and WIFI based on the outdoor scenario, where co-existent operators offer the same traffic load on the unlicensed carriers. Based on the simulation results, we can observe that:
Observation 1: The CCA detection parameters of WIFI system will have un-neglected impacts on the WIFI co-existence performance.
· In the dual CCA threshold  mode, the UPT performance of WIFI co-existence with LAA-LTE is slightly better that co-existence with another WIFI system in most cases
· While in the single CCA threshold mode, the UPT performance of WIFI co-existence with LAA-LTE may be a little worse that co-existence with another WIFI system in many cases, especially in medium to high load region.
Based on the simulation results and above observations, it is proposed that:
Proposal 1: Different parameter configuration, e.g., CCA-ED threshold and CCA-CS threshold, will have un-neglected impacts on the WIFI co-existence performance; therefore, it should further study the typical WIFI parameter configuration for dual CCA mode and single CCA mode, and then provide more comprehensive evaluation results.
· The case of CCA-ED threshold equal to -72dBm should be evaluated at least.
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5. Appendix: Simulation assumptions
Table 2 Some General simulation assumptions 

	Parameters
	LAA-LTE
	WIFI

	Macro cell number
	7cells × 3sectors

	System bandwidth per carrier
	20MHz

	Carrier frequency
	5.0 GHz for unlicensed band, 3.5GHz for licensed band of Small cell

	Carrier number
	1

	Num. of clusters per Macro area
	1

	Num. of cells per operator per cluster
	4 cells per operator per cluster

	Num. of UE per operator per cluster
	10 UE per operator per cluster.
Dropping methods: Drop a large enough number of UEs, so that at least N UEs are covered by the small cell. Randomly select 10 UEs from the UEs that have coverage.

	Cell selection
	Cell association is based on unlicensed band RSRP, with RSS threshold is -82 dBm

	Antenna configuration
	2D, Omni-directional. 1T2R

	Cell antenna height
	10m for outdoor

	Pico and AP Tx power
	18dBm
	

	Antenna gain excluding feeder loss
	5dBi
	

	UE antenna height
	1.5m

	UE/Sta transmission power
	23dBm

	antenna gain excluding feeder loss
	0dBi

	Tx and feedback mode
	SIMO,1T2R
	SIMO,1T2R

	Scheduler algorithm
	PF
	PF + CSMA/CA-based

	Transmission schemes
	QPSK/16QAM/64QAM
	QPSK/16QAM/64QAM

	MCS index
	0 ~28
	0~7

	CCA busy threshold
	-60 dBm for CCA-ED;
	-62 dBm for CCA-ED;

-82 dBm for CCA-CS

	Length of extended CCA/ECCA backoff
	1~q CCA slots,

q = 4~32
	15~1023 slots

	Time slot
	20us
	9us

	Max transmission time
	13/32*q
	4ms; 10ms; …


	HARQ
	retransmission with max 3times
	NA

	Traffic model
	FTP3 with packet size of 0.5Mbyts.
Low, median, high traffic load are evaluated.
Packet arrive rate is taken from [0.2~2 FTP Packet] per s per UE

	Network synchronization
	LAA-LTE Nodes of same operator are synchronized, and LAA-LTE nodes of different operators are asynchronous

	Metric
	UPT, Latency, Buffer Occupancy Ratio (BO), Congestion Condition (CC), R12 Resource Utilization (RU1), Modified RU proposed by DoCoMo (RU2)


Table 3 Additional WIFI simulation assumptions 
	PHY
	MCS
	802.11ac MCS table without 256 QAM 

	
	Antenna configuration
	1Tx2Rx in DL., Cross-polarized 

	
	Channel coding
	BCC (Block Convolutional Code)

	
	OFDM symbol length (with long GP)
	4us

	MAC
	Frame aggregation
	A-MPDU

	
	MPDU size
	15kByte

	
	Max PPDU duration
	TXOP = 4ms, 10ms, …

	
	Coordination
	DCF

	
	DIFS
	34us

	
	SIFS
	16us

	
	Time slot
	9us

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	Not supported

	
	Contention window
	Per DCF, 15~1023 slot time

	
	CCA-CS
	-82dBm

	
	CCA-ED
	-62dBm

	
	ACK Modeled (successful reception, resources utilized)
	Yes

	
	Rate control
	Based on OLLA 

	
	Channel selection
	-

	
	Cell association
	Cell association is based on unlicensed band RSS of WiFi APs, with RSS threshold is -82 dBm
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