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1 Introduction
In RAN1#80 meeting, four LBT schemes were categorized for LAA channel access [1].
· Classify the evaluated LBT 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
In RAN1-81 meeting, the following agreements are achieved for LBT schemes [2]
Agreements:
· It is recommended that the agreed Category 4 based LBT mechanism is the baseline at least for LAA DL transmission bursts containing PDSCH

· Continue discussion until Thursday which LBT category will be used for DRS transmission case – (Huawei)
· FFS: Category 2 based LBT mechanism is also supported for LAA DL transmission bursts containing PDSCH
In this contribution, considering the co-existence for DL only LAA+LAA system, we present our views on category 2 LBT scheme (FBE, Frame Based Equipment). Further we propose some enhanced methods on FBE scheme.
2 Enhancements for LBT
2.1 Enhancements for LBT category 2
From the simulation results in TR36.889 [3], it can be observed that LAA with a category 2 LBT scheme provides performance improvement for the non-replaced Wi-Fi APs when the other co-existing Wi-Fi APs are replaced by LAA nodes. However if FBE is used in LAA+LAA system, further enhancement should be considered to realize the fairness coexistence and reduce the transmission delay. In [4], we proposed an enhanced method with adaptive CCA repetition period, which means that two CCA repetition periods are defined for FBE scheme. If channel is found to be busy for N long periods, the CCA repetition period will be changed to a short period. In this case, more channel detection opportunities can be expected. Regarding the maximum channel occupancy time, there are two options.  
· Method 1: One uniform length of maximum channel occupancy time.

No matter when detects channel idle, the maximum channel occupancy time is same. But the problem of this option can be seen in Figure 1. eNB#2 in operator#2 detects channel busy during 3 long periods because channel is occupied by eNB#1 in operator #1.  So eNB#2 changes the long period into short period and detects channel idle during a CCA time with short period. In this case, if the maximum channel occupancy time is same to that with long period, eNB#2 will transmit data or signaling during next CCA time with long period. Thus when new data arrives, eNB#3 in operator#2 will detect channel busy during CCA time with long period because of channel occupation by eNB#2 in operator#2. This problem will decrease the performance of frequency reuse.
· Method 2: Two different length of maximum channel occupancy time.

In order to solve the problem in method 1, method 2 proposed two different maximum channel occupancy times. That means for CCA time with short periods, the maximum channel occupancy time will be shorter and it will be ended before the CCA time with long periods. In this case, eNBs in same operator will stop transmission during CCA time with long periods, which improves the frequency reuse.
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Figure 1, One uniform maximum channel occupancy time
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Figure 2, Two different maximum channel occupancy times
2.2 Evaluation results 
In this section, the co-existence evaluation results for DL only LAA+LAA are presented. In the evaluation, we provide the performance comparison in Table 1 for three FBE methods: FBE method, enhanced FBE with method 1, enhanced FBE with method 2.  Detailed evaluation assumption can be found in the appendix. 

It can be observed that:
1) From the aspect of the UPT of UEs from all cells in each operator, all three FBE methods can provide fairness coexistence between two operators. 
2) Two enhanced FBE methods can provide throughput improvement for both operators especially in the case of medium load. 

a) It is because that sometimes, the transmission burst can be ended before the end of the maximum channel occupancy time. With enhanced methods, the idle channel can be detected earlier by CCA time with short repetition period.

3) Enhanced method 2 provides higher throughput performance than that of method 1.

a) The reason is the lower frequency reuse in method 1. 
Table 1: LAA+LAA co-existence evaluation results
	
	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 

	UPT mean [Mbps] 
	FBE 
	55.20 
	54.80 
	41.56 
	39.45 
	38.17 
	36.84 

	
	E-FBE alt.1 
	58.37 (+6%)
	58.58 (+7%)
	45.09 (+8%)
	45.56 (+15%)
	39.74 (+4%)
	38.23 (+4%)

	
	E-FBE alt.2 
	59.26 (+7%)
	59.71 (+9%)
	48.60 (+17%)
	49.26 (+25%)
	40.90 (+7%)
	40.05 (+9%)

	Delay mean [s] 
	FBE 
	0.073 
	0.072 
	0.138 
	0.129 
	0.208 
	0.188 

	
	E-FBE alt.1 
	0.061 
	0.064 
	0.127 
	0.104 
	0.157 
	0.163 

	
	E-FBE alt.2 
	0.061 
	0.064 
	0.082 
	0.080 
	0.105 
	0.108 

	𝜌 
	FBE 
	0.99 
	1.00 
	0.88 
	0.86 
	0.68 
	0.64 

	
	E-FBE alt.1 
	0.99 
	0.99 
	0.98 
	0.99 
	0.99 
	0.77 

	
	E-FBE alt.2 
	0.99 
	0.99 
	0.98 
	0.99 
	0.96 
	0.95 

	BO 
	FBE 
	18.19% 
	18.91% 
	44.48% 
	44.78% 
	68.34% 
	64.23% 

	
	E-FBE alt.1 
	16.21% 
	16.52% 
	35.49% 
	33.54% 
	49.28%
	49.51% 

	
	E-FBE alt.2 
	15.35% 
	16.14% 
	27.86% 
	27.58% 
	48.39% 
	46.85% 

	𝜆 
	0.9
	1.2
	1.5


3 Conclusions
In this contribution, we present some enhancements on LBT category 2 and give simulation results. Based on our analysis and evaluations, we have the following observations:
1) From the aspect of the UPT of UEs from all cells in each operator, all three FBE methods can provide fairness coexistence between two operators. 
2) Two enhanced FBE methods can provide throughput improvement for both operators especially in the case of medium load. 

a) It is because that sometimes, the transmission burst can be ended before the end of the maximum channel occupancy time. With enhanced methods, the idle channel can be detected earlier by CCA time with short repetition period.

3) Enhanced method 2 provides higher throughput performance than that of method 1.

a) The reason is the lower frequency reuse in method 1. 
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Appendix A: Simulation assumptions
Table A-1 LAA+LAA system evaluation assumptions

	Parameters
	Value

	PCI planning for each NW
	Planned 

	Transmission schemes
	Based on TM10, QPSK/16QAM/64QAM/256 QAM 

	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
	Energy detection threshold -62dBm

	Cyclic Prefix
	Normal

	LBT C2 (FBE)
	CCA slot length
	24 us 

	
	FBE period length
	Long period:4 ms; short period: 1ms

	
	Maximum channel occupancy time
	FBE and method #1: 4ms

Method#2: 3ms or 2ms or 1ms

	
	Threshold for change of period
	Busy for 3 long periods
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