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1. Introduction

In RAN1#79, the initial coexistence evaluation has been summarized [1]. It is agreed that

Agreements:
· Companies should at least provide results with LBT for coexistence evaluations.

In RAN1#80, the simulation assumptions for the coexistence evaluation have been agreed [2].

Agreements:
· Classify the evaluated channel access schemes 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

Note: Contention window is the maximum possible random back-off value
Note: Category classification does not restrict a LBT design investigation

Note: Company is encouraged to evaluate many categories as much as possible
· Illustrative examples

· FBE procedure as defined in EN BRAN V1.8.0 belongs to category 2

· LBE procedure with a fixed q for the contention window as defined in EN BRAN V1.8.0 belongs to category 3

· LBE procedure Op A with a variable q for the contention window as defined in EN BRAN V1.8.0 belongs to category 4

Agreements:
· Confirm the working assumption of Buffer Occupancy (BO) as an output metric for at least DL only LAA evaluation

· The modifications of BO for uplink transmission is FFS

· Packet arrival rate for the measured BO of the non-replaced Wi-Fi network in Wi-Fi/Wi-Fi coexistence scenario is used as the packet arrival rate in Wi-Fi/LAA coexistence evaluations
· Recommend to report BO both for LAA and Wi-Fi

· The corresponding BO range for DL only transmission is:

· Low load: 10%~25% 

· Medium load: 35~50%
· High load: above 55%
· Report a ratio of  mean served cell throughput and offered cell throughput

In this contribution, we provide the simulation results for the WiFi+LAA and LAA+LAA coexistence scenarios. 
2. Simulation assumptions
In this simulation, the LBT category 3, i.e. LBE procedure with fixed q for the contention window and in different loads is evaluated. q is selected as 32. The maximum channel occupancy time is set to 4 ms. No defer period is applied. The CCA and ECCA slot are both 20 μs. The threshold for CCA energy detection is -62 dBm, and the threshold for CCA carrier sensing is -82 dBm. Synchronization is assumed among LAA operators. For the LAA channel access, only inter-RAT detection is assumed, i.e., LAA will perform LBT to WiFi. But reuse one is assumed within each operator, i.e., no LBT is applied to the terminals of the same operator. For WiFi, both intra-RAT CCA detection and inter-RAT CCA detection are performed.
3. Evaluation results for LAA coexistence scenarios
1.1. WiFi + LAA scenario
In this section, we provide the simulation results for outdoor WiFi + LAA coexistence scenario according to the different traffic loads. FTP traffic model 3 is used, and 𝜆 is the data arrival rate for each UE. The BO for WiFi in step 2 falls into the ranges defined as low load, medium load and high load. The LBE LBT category 3 is applied.  Only the performance on unlicensed carrier is evaluated. The 5%, 50%, 95% and mean UPT and latency are evaluated as in Table 1.
Table 1: 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: 10%~25%
	Medium load

BO range: 35%~50%
	High load

BO range: 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

	NEC
(R1-151952)
	3
	UPT CDF

[Mbps]
	5%
	-
	2.61
	6.93
	-
	2.22
	2.68
	-
	2.12
	2.94

	
	
	
	50%
	-
	20.20
	28.37
	-
	11.40
	14.08
	-
	8.89
	11.73

	
	
	
	95%
	-
	47.06
	56.34
	-
	42.55
	54.05
	-
	33.90
	52.63

	
	
	
	Mean
	-
	22.58
	31.20
	-
	16.34
	20.03
	-
	12.26
	16.62

	
	
	Delay CDF

[s]
	5%
	-
	0.09
	0.07
	-
	0.09
	0.08
	-
	0.12
	0.08

	
	
	
	50%
	-
	0.19
	0.14
	-
	0.35
	0.28
	-
	0.45
	0.34

	
	
	
	95%
	-
	1.54
	0.58
	-
	1.80
	1.49
	-
	1.89
	1.36

	
	
	
	Mean
	-
	0.39
	0.20
	-
	0.55
	0.45
	-
	0.67
	0.48

	
	
	𝜌
	-
	0.97
	0.98
	-
	0.86
	0.87
	-
	0.70
	0.81

	
	
	BO
	-
	0.25
	0.13
	-
	0.41
	0.35
	-
	0.61
	0.47

	
	
	𝜆
	0.4
	0.8 
	1.2

	
	Additional comments: 
LBT category 3, LBT with random back-off with fixed size of contention window (R1-151952);

Both CCA and ECCA slot are both 20 μs;
No defer period is applied;
FTP model 3 is used and 𝜆 is defined as packet arrival rate per UE per second;

Maximum channel occupancy time is 4 ms for both WiFi and LAA;

Traffic is served only on unlicensed carrier for both WiFi and LAA;

For WiFi, RTS/CTS, 256QAM, LDPC are not used;

CCA detection: for WiFi, intra-RAT preamble detection with CCA threshold -82dbm, and inter-RAT energy detection with CCA threshold -62dBm; for LAA, inter-RAT and inter-operator energy detection with CCA threshold -62dBm, No intra-operator detection.


From Table 1 we can observe that the coexistence of WiFi and LAA can be achieved with LBT in different traffic loads. The simulation results show that as the traffic load increases, the mean UPT of WiFi and LAA will both decrease, and the mean latency of WiFi and LAA will both increase. 

Observation 1:  The coexistence of WiFi and LAA can be achieved with LBT in different traffic loads.
1.2. LAA + LAA scenario
In this section, we provide the simulation results for outdoor LAA + LAA coexistence scenario according to the different traffic loads. FTP traffic model 3 is used, and 𝜆 is the data arrival rate for each UE. The BOs for both LAA operators fall into the ranges defined as low load, medium load and high load. The LBE LBT category 3 is applied. The 5%, 50%, 95% and mean UPT and latency are evaluated as in Table 2.

Table 2: 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

	NEC
(R1-151952)
	LBE

Cat 3
	UPT CDF

[Mbps]
	5%
	4.41
	8.97
	2.60
	2.34
	1.84
	1.68

	
	
	
	50%
	26.32
	35.71
	10.93
	12.35
	7.86
	7.02

	
	
	
	95%
	65.57
	65.57
	52.63
	54.05
	45.45
	33.90

	
	
	
	Mean
	32.33
	38.53
	16.37
	18.42
	12.06
	10.71

	
	
	Delay CDF

[s]
	5%
	0.06
	0.06
	0.08
	0.08
	0.09
	0.12

	
	
	
	50%
	0.15
	0.11
	0.37
	0.32
	0.51
	0.57

	
	
	
	95%
	0.96
	0.45
	0.95
	1.71
	2.17
	2.39

	
	
	
	Mean
	0.27
	0.16
	0.53
	0.53
	0.75
	0.82

	
	
	𝜌
	0.96
	0.99
	0.87
	0.83
	0.72
	0.64

	
	
	BO
	0.16
	0.10
	0.44
	0.40
	0.67
	0.69

	
	
	𝜆
	0.4
	1
	1.4

	
	Additional comments: 
LBT category 3, LBT with random back-off with fixed size of contention window (R1-151952);

Both CCA and ECCA slot are both 20 μs;
No defer period is applied;
Synchronization between LAA operators;
FTP model 3 is used and 𝜆 is defined as packet arrival rate per UE per second;

Maximum channel occupancy time is 4 ms for LAA;

Traffic is served on unlicensed carrier only for LAA;

CCA detection: for LAA, inter-operator energy detection with CCA threshold -62dBm. No intra-operator detection.


From Table 2 we can observe that the coexistence of two LAA operators can be achieved with LBT in different traffic loads. The simulation results show that as the traffic load increases, the UPT of both LAA operators will decrease, and the latency of both LAA operators will increase. 

Observation 2:  The coexistence of different LAA operators can be achieved with LBT in different traffic loads.

4. Conclusion

In this contribution, we provided the evaluation results for outdoor WiFi + LAA and LAA + LAA scenarios in different traffic loads. From the simulation results, we observe that: 

Observation 1:  The coexistence of WiFi and LAA can be achieved with LBT in different traffic loads.

Observation 2:  The coexistence of different LAA operators can be achieved with LBT in different traffic loads.
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