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1 Introduction
In RAN1 #80 meeting, some additional evaluation assumptions and methodologies for co-existence performance evaluation were agreed [1]. At the same time, it was agreed to classify channel access schemes used in evaluations 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
In this contribution, evaluation results for LAA with category 2(FBE) and Wi-Fi co-existence are provided based on agreed assumptions.
2 Simulation scenarios and assumptions

Three coexistence scenarios are evaluated for indoor and outdoor deployment:
· Coexistence scenario a:  Operator #1 deploys Wi-Fi and operator #2 deploys Wi-Fi

· Coexistence scenario b:  Operator #1 deploys Wi-Fi and operator #2 deploys LAA
· Coexistence scenario c:  Operator #1 deploys LAA and operator #2 deploys LAA

FBE-based LBT is adopted by LAA transmission. The procedure of FBE-based LBT is according to [2]. The maximum transmission time is assumed as 10ms. 256QAM is available for both Wi-Fi and LAA. LDPC is assumed for Wi-Fi. DL only scenario for both LAA and Wi-Fi is evaluated. 
Note that in this simulation, the offered packet arriving rate  for LAA and Wi-Fi systems are equal on the unlicensed band and only the statistics of unlicensed carrier are calculated, for a fair comparison. In these evaluations, the eNBs of the LAA operator are not synchronized with each other.
3 Simulation results

The average user perceived throughput (UPT), latency and buffer occupancy (BO) are compared in this section. The performance results are reported for one operator’s network in 4 cases:

· Case 1: Performance of Wi-Fi system, with co-existing Wi-Fi system (coexistence scenario a)
· Case 2: Performance of Wi-Fi system, with co-existing LAA system (coexistence scenario b)
· Case 3: Performance of LAA system, with co-existing Wi-Fi system (coexistence scenario b)
· Case 4: Performance of LAA system, with co-existing LAA system (coexistence scenario c)
Both single-carrier and multi-carrier cases are evaluated, with X=4, Y=1 and X=Y=4 respectively.
3.1 Single-carrier scenarios

The performance for indoor deployment and outdoor deployment are shown in Figure 1. 
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	(a)Average UPT with different packet arrival rate
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	(b)Latency CDF with packet arrival rate(0.4, 1.6)
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	(c)Buffer occupancy with different packet arrival rate


Figure 1: Co-existence performance of LAA-LTE and Wi-Fi
Based on the simulation results, it can be seen that with the given traffic model and deployment, the target Wi-Fi system can perform even better (with higher UPT, smaller latency and lower buffer occupancy) by coexisting with LAA than co-existing with another Wi-Fi system. 
· For indoor scenario b (Wi-Fi and LAA coexistence):

· In the low load, Wi-Fi performs better than LAA because the length of extended CCA is smaller for Wi-Fi than for LAA.
· In the high load, LAA performs better than Wi-Fi, mainly due to the different thresholds of LAA and Wi-Fi, as agreed in the simulation setup and reality. It is expected that even better performance can be achieved if adaptive threshold is used by LAA [3].
· For LAA/Wi-Fi co-existence scenario, the performance of LAA and Wi-Fi are similar to each other..  
· For outdoor scenario:
· In the high load, LAA performs better when LAA co-exists with Wi-Fi than when LAA co-exists with LAA, as indoor case. In the outdoor interference environment, LAA performs better than Wi-Fi in the LAA/Wi-Fi co-existence scenario. 
· Multi-carrier scenarios

In multi-carrier scenarios, a static channel selection scheme was applied to ensure a relative low-interference carrier is used for each eNB/AP.   Figure 2 shows the corresponding performance. 
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	(a)Average UPT with different packet arrival rate
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	(b)Latency CDF with different packet arrival rates(0.2, 1.4)
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	(c)Buffer occupancy with different packet arrival rate


Figure 2: Co-existence performance of LAA-LTE and Wi-Fi with carrier selection
Obviously the availability of multiple carriers can provide much better absolute performance than single-channel case. From co-existence perspective, similar conclusion as single-channel case can be achieved.
4 Conclusion

In this contribution, we provided coexistence performance evaluations for FBE-enabled LAA system within single-carrier and multi-carrier scenarios in indoor and outdoor environments. Based on the simulation results, the following observations are made:
Observation: when LAA uses a channel access scheme based on LBT category 2 (FBE-based LBT):
· In terms of Wi-Fi performance, the Wi-Fi network coexisting with LAA outperforms the Wi-Fi network co-existing with another Wi-Fi network, for both latency and average UPT, based on the mandatory simulation assumptions in TR36.889v0.3.1. This is true across a range of offered traffic loads where the highest offered traffic load results in Wi-Fi UPT decreasing to very low values in the baseline case where only Wi-Fi APs coexist with each other.

· In terms of LAA performance, LAA coexists better with LAA than with Wi-Fi in most scenarios and offered traffic loads, especially in outdoor scenarios.

· In indoor scenario when Wi-Fi and LAA coexist, Wi-Fi performs better than LAA in low load.
Conclusion:
· With a channel access scheme based on category 2 (FBE-based LBT), LAA does not impact Wi-Fi more than a Wi-Fi network offering the same traffic to the same number of users.
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Appendix A: Simulation assumptions
The simulation assumptions are aligned with agreements in [4].
Table 3 Simulation assumptions 

	Parameters 
	LAA-LTE 
	Wi-Fi 

	Carrier number (Y)
	1

	Carrier selection (for Y = 4)
	Each eNB selects the carrier on which the weakest interference is detected.

	Traffic model
	BB. FTP3 with packet size of 0.5Mbyts. 
Low, median, high traffic load are evaluated.

	Tx mode
	MIMO with 1 layer transmission
	MIMO with open loop transmission

	LBT scheme
	FBE, with maximum transmission time 10ms
	CSMA/CA

	CCA threshold
	-73 dBm/MHz + 23 - PH, PH specified in dBm EIRP
	-62 dBm  for CCA-ED;

  -82 dBm for CCA-CS

	Length of extended CCA / Wifi CCA backoff
	NA
	1~Z-1 CCA slots of Wi-Fi, where Z=16 as a default value, doubled when ACK is not received, and reset to 16 when ACK is received. The max value of Z is 1024

	CCA slot length
	24us
	8us

	MPDU size
	NA
	1500k Bytes

	Max transmission time
	10ms
	3ms

	HARQ 
	Retransmission with max 3times 
	ACK modeled

	Rate control
	Closed loop
	Open loop

	RTS/CTS
	NA

	MCS
	Up to 256QAM for LAA and Wi-Fi

LDPC for Wi-Fi













































































